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SECONDARY VASCULAR TISSUES OF THE OAKS INDIGE- 
NOUS TO THE UNITED STATES— II. TYPES OF TYLOSES 
AND THEIR DISTRIBUTION IN ERYTHROBALANUS 
AND LEUCOBALANUS 

Simon Williams^ 

The eoiiiparative abiiiidaiiee of tyloses in the earlywood pores in the 
heartwood of white oaks and tlieir absence or sparsity in like structures in 
the heartwood of red oaks have lon«: been utilized as aids in the sef)aration 
of these two p:roups of woods.^ Leiicobalamis'^ specdes are said to possess ex- 
Ireniely abundant tyloses, while in si)ecies belonjrinti: to Erythrohalanus they 
are considered to be sparse or wantinjr. The diajifuostic sij^nificance of this 
discrepancy is admitted to be of limited application. Beyond (piestion tyloses 
are the rule in most white oaks; their distribution in red oaks is so variable 
that their presence or absence, when considered alone, if of nef>:li<rible value 
in diajiiiosis. However, in the course of a comparative study of the xylary 
structure of these two oak sub^enera, several morpholojjical types of tyloses 
were noted; if these are considered in conjunction with the abundance or 
^scarcity of tyloses in oak, several apparently reliable indications of group 
reIationshi|)s, in terms of species, are evident. 

At the start it is admitted that the varying chai’actcr of tyloses in Quercns 
and the di.stributiou of the morphological types that can be recognized in the 
secondary xylem do not permit the segregation of species with the accuracy 
occasioned by the departures in the nature (shape and wall thickness) of the 
latewood pores. Xeveidheless, this feature is of considerable value, serving as 
it does as a secondary character in the recognition of Erythrohalanus and 
Lcuvobalanus species and permitting meanwhile of further segregation of 
species in these two subgenera. It is the purpose of this investigation to illus- 
trate and categorically group the various morphologi(*al types of tyloses en- 
countered in a study of oak woods, to point out the structural departures 
whi(*h characterize each group, and to assay the diagnostic value of these 
tylosie types. Further, toward the end of the paper considerable space is 
allotted to a discussion of the chemical nature of the tylosie walls in Quercus. 

1 The information incorporated in this paper has resulted from research by the author 
while a member of the Department of Wood Technology, New York State College of 
Forestry, Syracuse, N. Y. The author is now Research Technologist in the Bureau of 
Industrial Chemistry, University of Texas, Austin, Texas. 

2 Tyloses are uncommon in the latewood pores in Quercus; in this position they appear 
to be more frequent in Erythrohalanus than in Leucohalanus. 

3 Tlie limits of Erythrohalanus and Leucohalanus^ as understood in this discussion, 
were defined in the first paper of this series (2). 

1 
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TYPES OP TYLOSES IN THE XYLEM OP QUERCITS 
Recognition of types of tyloses in Qnercus is dependent in large measure 
on a variation in the number present in the cavities of the early wood vessels 
and hence on the size of the tyloses, and on the thickness of the tylosi(* wall ; 
stratification of the wall and pits, when present, serve as secondary char- 
acters. Three classes of tyloses may be recognized on the basis of the features 
enumerated above, as is indicated in table 1 and illustrated in figures 1 to 10, 
inclusive. 

TABLE I 

Typesi of tyloses occurring in Qucrcus species 


A — Tylosic walls extremely tliin (under 2 microns) 

1 — Tyloses relatively sparse per vessel cavity (figs. 1 and 8). 

2 — Tyloses relatively abundant per vessel cavity (figs. 2 and 9). 

B — Tylosic Avails of “normal thickness “ (3 to 5 microns) ; tyloses relatively s[)arse to 
moderately abundant per vessel cavity (figs. 3, 6 , and 7). 

G — Tylosic walls thick to extremely thick (5 to 50 microns), not inf ri‘quently .stratified 
and pitted; tyloses sparse to abundant per vessel cavity (figs. 4, 5, and 10;. 


DISTRIBUTION OF TYLOSIC TYPES IN LEIT(T)BALANT"S 

Information on the types of tyloses and the abundanee of tyloses in 
Leucobalanus are incorporated in table 2. 

In Lmcohahtnus, the |<enei’al statement can be made that tyloses are 
extremely abundant; they are usually present in all of the early wood pores 
with the possible exception of a few of the last-tlormed pores, and are pre- 
dominantly of Type P. (see table 1). Exee]>tions occur to this rule, but they 
are few in number. Q. hicolor Willd., a chestnut oak, appears to possess 
t.ylo,ses of Type A, but Type H tyloses (of the kind which characterize Q. alha 
li.) may be present. Tyloses are sporadic in Q. moiitana 'VVilld., some samples 
being almost devoid of these structures. Q. sadkriaiia 11. Pr. (’ampst., the 
only chestnut oak on the West Coast, had vex-y few tyloses in the one sample 
studied. The remaining chestnut oaks, Q. priuux L. and Q. mi(lilciibcr(/ii 
Engel., po.ssess abundant Type B tyloses, however, so it is difficult to gen- 
eralize about the type common to this group. Nevertheless, there iloes seem 
to be a nebulous relatiomship in the nature of the tylo.ses in the chestnut oaks 
which further study might substantiate. 

DISTRIBUTION OP TYLOSIC TYPES IN ERYTIIROBALANUS 

In table 3 are embodied data on the types of tyloses and the abundance of 
these .structures in Erythrobalanux. 

Explanation of figures 1-5 

Fio. 1. Q. bicolor Willd. Illustrating Type Al, in cross section. Fig. 2. Q. vclutina 
Lam. Illustrating Type A2, in cross section. Fio. 3. Q. xtellata Wang. Illustrating Typo 
B, in cross section. Fio. 4. Q. arizonica Sarg. Illnstriiting Type (5, in cross section. 
Fio. 5. Q. emoryi Torr. Illustrating Type C, in cross section. Note pits in the tyloses walls 
All X 225. 
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TABLE 2 


Types and abundance of tyloses in Leucobalanvs 


Species 

Type 

Abundance 

alba 

B 

the rule 

Q. bicolor 

A1 

the rule 

Q. dvrandii 

B 

the rule 

Q. garryana 

B 

the rule 

Q. breweri 

B 

the rule 

Q. lobaia 

B (A2)a 

the rule (A2 very rare) 

Q. lyrata 

B 

the rule 

Q, macrocarpa 

B 

the rule 

Q. montana 

A1 and B 

8[)oradic 

Q. mnlilenbergii 

B 

the rule 

Q. prin xis 

B 

the rule 

Q. sadleriana 

B 

extremely sparse. 

Q. siellata 

B 

the rule 

Q. utahensis (gambellii)^ 

B 

the rule 


a The type indicated in ]){ireiitlieses occurs only s])orndically and never in any 
abundance. 

The nomenclature of this and closely related s])ecies is extremely confusing. Two of 
the samples were submitted as Q. fjambeUii Nutt. Two others were identified as Q utahensis 
Rydb, Investigation revealed that there is no certain way of distinguishing the vfirious 
species and varieties, although Q, (jambellxi is generally regarded as the shrubby form. To 
simplify this taxonomic problem for use in this study, all samples submitted were con- 
sidered under one heading. 

Analysis of this information brings out the following facts: 

1. Nine red oaks have tyloses throughout the heartwood at all times; the 
the following statements may be made for these Quercus species : 

(a) Q. cinerca Michx. and Q. niarUandica Muench. have tyloses ol’ 
Type B, 

(b) Q. kelloggii Newb. and Q, ellipsoidal is Hill are characterized by 
Type A tyloses, as a rule. 

(c) Q. atdzomca ^^nrp:.^ Q. douglasii Hook, et Arn., Q, dumosa Nutt., 
Q. enioryi Ton*., and Q, cngelmannii (Ireene possess Type B and 
Type C tyloses in admixture. Type C is dominant in these oaks with 
the exception of Q. douglasii. Note should be made at this time that 
these five oaks are xerophytic species o(*(*urring in southwestern 
United States or in California. 

2. Q, oblongifolia Torr., Q. hypoleuca Engel., Q. reticulata H. B. K., also 
xerophytic species from the Southwest, possess Types B and C tyloses 
in abundance in the heartwood ; there is every reason to believe that these 
Types would be found the rule in these three species were a sufficient 
number of samples available for examination. Together with the five 
species enumerated under 1 (c), they therefore may be considered as 
constituting a natural group of eight species in which tyloses are entirely 
comparable. 

3. In Q. agrifolia Nee, Q, clirysolepis Liebm., Q, wislizenii A. DC., Q. myrti- 
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Fig. 6. Q, priniut L. Illustrating Type B, in cross section. Note that tyloses are more 
abundant than in figure 3. Fig. 7. Q, stellata Wang. Illustrating Type B, in longitudinal 
section. Fig. 8. Q» hicolor Willd. Illustrating Type Al, in longitudinal section. Fig. 9, 
Q, velutina Lam. Illustrating Type A 2, in longitudinal section. Fig. 10. Q» emoryi Torr. 
Illustrating Type C, in longitudinal section. All x 225. 




6 


BITLI^TIN Ob' THE TORREY CLTTB 


[VOL. 69 


TABLE 3 

Types and abundance of tyloses in Erythrobalamis 


Species 

Type 

Abundance 

I/ive Oaks 



Q. agrifoUa 

A2 

sparse 

Q. arizonica 

C (B)a 

the rule 

Q. chrysolepis 

absent 


Q, douglasii 

B and C 

the rule 

Q. dumosa 

B and C 

the rule 

Q. durata 

B and 0 

8])arse 

Q. emoryi 

C (A and B) 

the rule 

Q. engclmannii 

B and C 

the rule 

Q, hypoleuca 

B and C 

sparse 

Q. myrtifolia 

absent 

Q. ohlongifoUa 

B and C 

abundant 

Q. reticulata 

B (C) 

sparse 

Q. Virginian a 

A2 

sparse 

Q. virginiana geminata 

a bsent 


Q. n'isUzenii 

absent 


Deciduous Oaks 

Q. borealis maxima 

A2 (B) 

sparse 

Q. calesbaci 

A2 (B) 

sparse to sporadically abundant 

Q, cinerea 

B (A2) 

the rule 

Q. coccinca 

A2 (B) 

si)arse to sporadically abundant 

Q. ellipsoidalis 

A1 

tlie rule 

Q. ilicifolia 

a bsent 


Q. imbricaria 

A 2 (A1,B) 

sparse 

Q, Tcelloggii 

A1 (A2) 

the rule 

Q. lavrifolia 

A2 

spa rse 

Q. marilandica 

B 

the ruh^ 

Q. morehus 

absent 



Q. myrtifolia 

absent 


Q. nigra 

A2 (B) 

sparse 

Q, palustris 

A2 (B) 

sparse 

Q. phellos 

A2 (B) 

sparse 

Q. rubra 

A2 (B) 

sparse to sporadically abundant 

Q. rubra leucophylla 

A2 (B) 

sparse to sporadically abundant 

Q. rubra triloba 

A2 (B) 

sparse to sporadically abundant 

Q. shumardii 

A2 (B) 

spa rse to sporadically abundant 

Q. vclutina 

A2 (B) 

very sparse 

Q. vaccini folia 

B 



a The type indicated in ]>arenthese8 occurs only sporadically and never in any 
abundance. 

folia Willd., and Q. virginiaaa Mill., although tyloses are present in the 
heartwood, they are extremely sparse and of Type A2. 

4. In the eastern deciduous red oaks {Q, marilandica, Q. drier ea, and Q. 
ellipsoidalis excepted — see under 1 (a) and (b) — tyloses are very spo- 
radic ; they may be abundant in a jyiven rinj? and sparse or lacking? in the 
next, or absent altogether throughout the sample. When tyloses are pres- 
ent, Type A2 is always predominant in this group. Types B and C may 
occur but wherever these structures are found in a given ring. Type A2 
is always more abundant, even though it is not present in all of the pores. 
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CHEMICAL COMPOSITION OF TYLOSES 

The inorphol()f?ical variation and the fluctuation in the abundance of 
tyloses that permit of the recognition of tylosic types in American oaks has 
naturally led to the question as to whether or not these departures find ex- 
pression in the chemical composition of the tylosic walls. Obviously, owing 
to the inconstancy of tjiosic wall thickness from species to species, as dis- 
cussed above, quantitative differences must occur. As this is clearly evi- 
denced by microscopic examination, little would be added to the diagnostic 
significance of the tylosic groups listed in Table 1 by accumulating the exact 
quantitative data necessary to define these variations in tylosic wall thick- 
ness. Therefore, the chemical composition of tyloses as they occur in Querciis, 
discussed below, is based entirely upon qualitative analyses. 

Isenberg (1), in a microchemical study of the tyloses occurring in hard- 
woods, concluded that three kinds appear to exist in terms of chemical com- 
position, viz : 

(1) Those with very thin walls composed chiefly of lignin to which are 
possibly added, on the inside, small irregular patches of cellulose. Example, 
Fra jc inns spp. 

(2) Those with a thin cellulosic layer within a layer of lignin. Example, 
Catalpa speciosa Ward. 

(3) Those which possess a somewhat thicker layer of cellulose within the 
layer of lignin, with an inner layer of lignin (not visible in untreated sec- 
tions) in turn deposited on the cellulose. Example, Q. alba L. 

Isenberg designated this last condition as the oak type. Unfortunately, he 
examined the tyloses in but three species of oak {Q. alba L., Q. dilata Lind., 
and Q, enfjelmannii Greene"*) ; because of the information already recorded 
in this paper relative to the varying nature and abundance of tyloses in 
domestic oaks, it may rightly be assumed that Isenberg 's work was based 
on too feAv species of Qvercus to give any true picture of the qualitative 
chemical nature of tyloses in this genus. It has therefore seemed advisable 
to repeat with certain minor changes the (pialitative tests run by Isenberg 
on the species in question and to extend these to a sufficient number of addi- 
tional species to represent all of the tylosic classes listed in table 1. 

Materials and Techniques Employed in Determining the Chemical 
Composition of Tyloses in Quercus. Tyloses were examined in the follow^- 
ing species : 

(a) Q. bicolor Willd., Q. montana Willd., Q. kelloggii Newb., and Q, 
ellipsoidalis Hill, representing Type Al. Q. coccinea Muench. and 
Q. velutina Lam., representing Type A2. 

(b) Q. stellata Wang., Q. alba L., Q, cinerca Michx., and Q. marilandica 
Muench., representing Type B. 

* Isenberg makes no mention of the fact that Q. cngclmannii has thick-walled tyloses 
in admixture with those of the type which feature Q. alha. 
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(c) Q. ernoryi Torr., and Q, arizo7iica Sarg., representing Type C. 

Blocks were cut from the dry heartwood and were extracted with hot 
water until no further evidence of tannin could be detected by treatment 
with an aqueous solution of ferric ammonium sulphate. They were then 
stored in 20 per cent ethyl alcohol until needed. Sections twenty microns 
thick were prepared from these blocks. These were then examined under 
polarized light before chemical treatment, and after chemical treatment (a) 
to remove hemicelluloses and (b) after (a) followed by treatments to re- 
move cellulose or lignin. The examination prior to exposure to chemicals 
served to indicate the predominantly crystalline and non-crystalline portions 
of the tylosic wall ; the solvent action of the chemicals employed was revealed 
by the subsequent examination of the material. 

The chemical treatment of the sections, to remove heniicelliilose, cellulose, 
and lignin, respectively, were as follows: 

1. Removal of hemicellulose. The sections were alternately treated with 
0.5 per cent NaOH for one hour and .‘1 ])er cent H2S()4 for three hours, over 
a water bath. 

2. Removal of cellulose, (a) Treatment as in 1, followed by immersion 
in an excess of 72 per cent ll2S()4 on a glass object slide, the I’eaction ob- 
served meanwhile under a microscope, (b) Treatment as in 1, followed by 
immersion in Schweizer^s reagent,'* the reaction observed meanwhile under 
a microscope. 

3. Removal of lignin. Treatment as in 1, followed by a two minute chlorin- 
ation (with saturated chlorine water) and then by a two minute immersion 
in a solution of monoethanolamine in 95 per cent ethyl alcohol (3). The first 
section examined received one complete treatment, the second two, using the 
chemicals in the order named, the third three, etc. After treatment the sec- 
tion was thoroughly washed in distilled water and was then examined with a 
microscope. Finally, it was exposed to 72 per cent H2SO4, to gauge the extent 
to which the lignin had been removed by the above-mentioned reagents. Com- 
plete solution of the section in concentrated sulphuric acid, a cellulose ‘‘sol- 
vent,’^ indicated the fact that the lignin had very nearly been (*ompletely 
removed. 

Discussion of the Results of Chemical Treatment of Tyloses in Oak 
Wood. The test for hemicellulosic material in tylosic walls was entirely 
negative. Some changes may have resulted but no visible evidence of reaction 
was discernible other than a slight swelling of the wall and a general increase 
in the plasticity of the sections. Nor did this treatment have any observable 
effect on the rate with which cellulose and lignin solvents reacted subse- 
quently. 

It is recognized that cellulose may not be appreciably removed from lignificd walls 
by this reagent. 
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Treatment with cellulose and lij^niii solvents yielded more conclusive evi- 
dence of the nature of the tylosic wall; this evidemje may be summarized as 
follows : 

1. The tyloses of Type Al proved to be analof^ous to those of Isenber«:^s 
Class I. The bulk of the wall in this instance appeared to consist of lifynin 
which was bounded exteriorly (toward the cavity) by an extremely thin 
layer of cellulose. Under the polariziii}^ microscope, there was a slight indica- 
tion that a third layer of lignin was present but this inference could not be 
proved by removing the (*ellulose owing to the violence of the sulphuric acid 
reaction. The extremely thin tylosic wall ruptured long before the xylary 
cells became dissociated. The cellulosic layer of the wall, in contrast, was 
sufficiently strong to permit the tylosis to remain intact after complete de- 
lignification and appeared to exist as a continuous strip ot* cellulose rather 
than of small irregular patches of this substance. 

2. The tyloses of Type A2 w^ere similar in all respects to those of Type Al 
except that an inner layer of lignin was observable in the tylosic wall while 
the sections were undergoing treatment. 

3. The tyloses of Type B were identical to those of Tsenberg^s Class 3. 
The layers of lignin in the tylosic wall bounding the cellulosic layer within 
and without were clearly discernible in sections swollen with cellulose sol- 
vents. The cellulose layer occupied the bidk of the cross-sectional area of the 
wall. 

4. The sclerosed tyloses of Type C witli stratified walls were dissimilar 
to any of the classes listed by Isenberg. All of the wall layers, with the 
exception of the middle lamella, appeared to be crystalline, that is, cellulosic, 
throughout. An external (third) layer of lignin was not evident at any time. 
The thick secondary layer of the wall dissolved rapidly both in 72 per cent 
II2SO4 and Schweizer’s Reagent, indicating, particularly in the latter in- 
stance, its cellulosic nature. 

StTMMARY AND CONCLUSIONS 

1. Tyloses are more abundant and a more constant feature in white oaks 
than in red oaks, but the two subgeiiera cannot be distinguished with cer- 
tainty on the basis of the presence or absence of these structures. 

2. In general, tyloses in Lcucohalanns are different structurally from 
those in Erythrohalamis. In white oaks, the tyloses possess walls averaging 
3-5 microns in thickness, as a rule, and are moderately abundant ; in com- 
parison, two major morphological types of tyloses can be recognized in red 
oaks, namely, (a) those with walls under 2 microns in thickness, that are 
abundant or even crowTled (Type A2 of table 1) and (b) sclerosed tyloses 
with walls averaging 5-50 microns in thickness that are frequently stratified 
and pitted as well, such tyloses ranging from sparse to abundant. ’(Type C. 
table 1.) 
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3. Exceptions to the situation stated under 2 occur but they are not 
frequent. An intermediate type of tylosis occurs in two species of each sub- 
genus (Q. montana Willd., and Q- bicolor Willd. in Leucobalanus ; Q, ellip- 
soidalis Hill and Q. kelloggii Newb. in Erythrohalanns) in which the wall is 
under 2 microns in thickness and the tylosie number is low (Type Al, table 
1). Further, two red oaks (Q. marilandica Muench. and Q, cinerea Michx.) 
exhibit tyloses of the white oak type throughout the heartwood. The predomi- 
nant type of tylosis present in all other Quercus species conforms to 2. 

4. The structural variation of tyloses reaches a peak in Erythrohalanns ; 
on the basis of tylosie type and abundance, several subdivisions, each em- 
bracing a number of species, can be recognized (see tables 1 and 3). 

5. The white oaks, in contrast to the red, do not lend themselves to ready 
subdivision into groups of species on the basis of the varying morphological 
nature or abundance of tyloses. Several chestnut oaks appear to be an ex- 
ception to this rule but since the tylosie features of this group of species 
exhibit no uniformity, definite deductions cannot be made. 

6. The chemical composition of tylosie walls in Quercus is more com- 
plex than is indicated by the work of Isenberg (op. cit., p. 9). Two distinct 
types can be recognized, viz : 

(a) tyloses with from thin to moderately thick walls (under 5 microns), 
the latter composed of a central cellulosic layer with thin layers of 
lignin on its flanks. 

(b) tyloses with thick (over 5 microns) and stratified walls which fre- 
quently possess pits, the wall composed of a lignified inner layer 
(middle lamella) followed centripetally by a cellulosic layer, with 
no layer of lignin to the inside. 

7. The physical nature of the tylosie content of Quercus woods, occa- 
sioned in turn by variations in the wall thickness of tyloses and the number 
of these per unit of volume, that is, by their size, are more readily decipher- 
able and can be used with much greater ease than the chemical distinctions 
enumerated in the latter part of this paper. 

Bureau of Industrial Chemistry 
University op Texas 
Austin, Texas 
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THIAMIN CONTENT OF AGAR^ 

Dorothy Day 

INTRODUCTION 

The need for a careful study of agar became obvious during the early 
stages of another problem. At that time excised roots of tomato, which re- 
quire thiamin, appeared to grow fairly well in an agar-mineral-sugar medium 
regardless of the presence of added thiamin. The present report is concerned 
with the determination by means of the growth of Phycomyccs Blakedeeanus 
of the a[)j)roximate quantity of thiamin or its intermediates in various sam- 
ples of commercial and purified agar as well as in some samples of filter paper 
and cheesecloth, materials frequently used in the preparation of culture 
media. 

Agar-agar, so commonly used for solidifying li(|uid media for the culti- 
vation of micro-organisms, is ])repared by drying a hot-water extract of 
certain marine algae. Because of its origin and the method of preparation 
it might be expected to contain some of the various growth substances origi- 
nally present in the algae and perhaps some produced by micro-organisms 
which might develop in the extract during its desiccation. We should expect 
also that the amount of the growth substances in various samples of com- 
mercial agar would differ, depending upon how much they had been purified 
by washing or other treatments, and upon the character of any additions 
Avhich might be made in preparing them for the market. 

The preseu(‘e of thiamin, of biotin, and of unidentified growth substances 
in commercial agar has been ]n'eviously reported. Allison and Hoover (1934), 
using Bacillus radicicola as the test organism, detected the presence of (^oen- 
zyme K in agar. Coenzyme U was later demonstrated by Gybrgy and his co- 
workers (1940) to be identical with biotin or vitamin II. Hawker (1936) 
found that a scanty growth of Melanospora destruens developed on a min- 
eral-glucose medium containing 1.5 per cent agar. No growth occurred in the 
medium without the agar. These observations were interpreted as indicating 
the i)resenee of traces of the second of two factors which must be present for 
the development of this organism. The second factor was later demonstrated 
to be biotin (1939). 

Fries (1938) reported that Polyporus ahietinus and Polyporns adustus 
grew and formed aerial mycelium ou a mineral-sugar medium coutaiiiiug 

1 Contributions from tlio Department of Botany, Smith College, New Series, No. 8. 

I am indebted for many courtesies to the staff of the New York Botani«al Garden, 
where these experiments were performed. 
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ammonium nitrate and 1.5 per cent a{?ar. Siiiee both of these orpranisms are 
thiamin-defieient and do not jrrow in a liquid medium lacking; tliiamiii, or its 
pyrimidine intermediate, growth on the a8:ar medium may be taken as prima 
faeie evidence for the presence of thiamin in the aj>:ar. Fries observed further 
that the {growth of these two or<?anisms was much less on a medium contain- 
ing: washed aj 2 :ar than on one eontainin<? unwashed aj^ar. Tlie washed ajjrar 
was prepared by extractinjr discs of 3.0 per cent ajrar with two clian< 2 :es of 
distilled water durin;^ a 24-hour period. 

Fromapfeot and Tehanp: (1938) observed that Bhodotovula Santici grew 
on a mineral-sugar medium containing 2.0 per cent washed agar but failed 
to grow in the same medium without the agar. This organism does not grow 
without thiamin or its intermediates in the medium. Their observations indi- 
cate that their washed agar contained thiamin or pyrimidine. 

Robbins (1939) reported the presence in agar of thiamin or its inter- 
mediates as determined by the growth of Phycomyces Blakcsleeanus. Evi- 
dence for the presence of unidentified growth substances (Factor Z) in agar 
was presented by Robbins (1941a). Robbins (1941b) and Robbins and Ma 
(1941) found as much as 0.1 nijj mole of biotin per gram in some sanii)les of 
agar; the biotin was determined by the growth of Ashhya (/ossypii. 

Schopfer and Rytz (1938) found appreciable quantities of thiamin or its 
intermediates in crude cotton as judged by the growth ol‘ Phycomyces but 
little or none in white, bleached cotton. 

The literature cited indicates that various gr-owth substaiu'cs may be 
present in agar in sufficient amounts to be significant in determining the 
growth of micro-organisms. However, agar may influen(*e growth for other 
reasons than its growth-substance content. Its ash, especdally the trace ele- 
ments, may be important for some organisms and under some conditions 
(Leonian and Lilly, 1940). Rippel (1936) found the colloidal character of the 
agar significant in favorably affecting the growth of Azotobactev and Asjycr- 
(jillns ni(jer. Other reasons have been suggested why agar should affect 
growth, but no attempt will be made here to review such possibilities in 
detail. 

METHODS AND MATERIALS 

Phycomyces Blakesleeanus ( h) strain was grown at 25° C. on 25 ml. of 
medium in 125 ml. Erlenmeyer flasks of Pyrex glass cleaned with chromic 
acid cleaning solution and thoroughly rinsed with tap water and distilled 
water. The media were sterilized at 15 lb. pressure for 20 minutes. For in- 
oculum several sporangia were broken in a flask containing 25 ml. of sterile 
distilled water ; one drop of this suspension was added to each flask of the 
medium to be tested. All cultures were grown in quadruplicate. 

The basal medium contained per liter of distilled water: 1.5 g. KH0PO4, 
0.5 g. MgS 04 • 7 H 2 O, 50.0 g. dextrose, 2.0 g. asparagine, and mineral supple- 
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ments in p.p.m. as follows : B 0.005, Cu 0.02, Fe 0.10, Ga 0.01, Mn 0.01, Mo 
0.01, Zn 0.09. The commensal asparapfine was purified by treatment with 
Norit A and reerystallization from alcohol. The thiamin was Merck’s syn- 
thetic betabion ; the pyrimidine was 2-methyl-5-bromomethyl-6-aminopyrimi- 
dine dihydrobromide. The amount of thiamin or its intermediates is ex- 
pressed in millimicromoles (mp moles). 

The a^ars were Difco {granulated bacto-agar, Eimer and Amend agar- 
agar flakes, and crude, shred agar. For j)arts of some experiments the granu- 
lated and flake agars were thoroughly leached with 5.0 ])er cent aqueous 
pyridine, with distiHed water, and with alcohol, boiled with alcohol, and 
dried ; these are referred to as ^‘purified agars.’’ The leachings and washings 
obtained from a particular agar were freed of pyridine and alcohol and con- 
centrated by evaporation on a hot plate; these are referred to as ‘^agar ex- 
tracts.” A portion of the shred agar was electrodialyzed. 

Filter paper of two types was also used ; one was a low grade paper. No. 
613, from Platon and Dikeman, while the other was ‘‘Genuine” Whatman 
“asliless.” These were cut in pieces about one inch square and boiled in dis- 
tilled water for 20 minutes. The liquid was drained from the paper and con- 
centrated by evaporation on a hot plate. Two samples of cloth, commonly 
known as “cheesecloth” and as “tobacco cloth” respectively, were treated 
similarly. These liquids are referred to as paper and cloth extracts. 

The several kinds of agar, of purified agars, of corresponding agar ex- 
tracts, of ])aper extracts, and of cloth extracts were added to the basal 
medium in various proportions and combinations. In every experiment sev- 
eral portions of each ty])e of medium were supplemented by the addition of 
small known amounts of thiamin. 

At the end of one week observations were recorded on the growth of 
myceliuni and ai)pearance of sporangia. Dry weights of the mycelium in the 
flasks were determined as follows: Each flask was filled with hot distilled 
water and placed on a hot plate, until the agar melted. The mycelium was 
then fished from the flask, washed in boiling distilled water, dried at 95- 
100° C. for 18-24 hours and weighed.^ 

THIAMIN CONTENT OP VARIOUS COMMERCIAL AGARS 

In the basal culture medium growth of Phycomyces was lacking or 
negligible. The addition of thiamin to this medium resulted in abundant 
growth of Phycomyces. 

Thiamin in Difco Granulated Agar. When the basal medium was 
solidified with Difco agar, lot 318721, in each test in which 0.5 or 1.0 g. agar 

2 A comparison of the dry Aveight of untreated mycelium of Phycomyce.i grown in 
liquid culture containing thiamin with the dry weight of mycelium which had been boiled 
and washed before drying showed the latter to be 12-15 per cent lower. 
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per flask was used, Phycomyces formed mycelium with sporangia in all four 
flasks (fig. was roughtly proportional to the amount of agar 

in the flask ,*fore»mple, in experiment 16 (see table 1) the dry weight was 

28.8 mg. with 1.0 g. agar, 13.9 mg. with 0.5 g. agar, 7.9 mg. with 0.25 g. agar, 
and 6.2 mg. with 0.125 g. agar. This growth of Phycomyces when agar was 
added to the basal medium indicated the presence in this agar of thiamin or 
its intermediates. From the relation between the amount of thiamin and the 
dry weight of Phycomyces grown in liquid culture it was calculated that the 
agar contained about 0.1 mp mole thiamin per gram. 

The most obvious differences in five tests of this agar were in experiments 
10 and 11, in which the dry weights ranged from 19.0 mg. to 34.4 mg., or an 
indicated 0.07-0.16 mp mole thiamin, per 1.0 g. agar. In one experiment, 29, 
with 1.0 g. and 0.5 g. agar the dry weights were 29.3 mg. and 17.5 mg. re- 
spectively for lot 318721, 24.9 mg. and 10.6 mg. for 325120, and 14.6 mg. and 

8.8 mg. for 332408. In terms of equivalent amounts of thiamin the fir.st two 
lots of agar contained about 0.1 mp mole and the third lot less thaii one-half 
this amount. The variations in these results may be due to one or more of 

TABLE 1 

Growth of Phycomycrs BlaJceslceanns on agars and on agar extracts. AU cultures 
contained the same amounts of mineral salts, dextrose and asparagine. Dry weight is 
recorded in mg. per culture.* 


Experiment 

number 


Untreated agar Purified agar Agar extract from 

1.0 g. 0.5 g. 1.0 g. 0.5 g. 1.0 g. 0.5 g. 


Difco granulated agar, Lot #318721 


10 

19.0 

12.2 

0.5 

1.3 



11 

25.5 


0.5 


11.2 

9.9 

11 

34.4 






13 

28.4 

16.7 


0.2 

12.1 

7.6 

16 

28.8 

13.9 

0.2 

0.2 



16 

27.9 


1.0 




29 

29.3 

17.5 





Average 

General aver- 

27.6 

15.1 

0.5 

0.6 

11.6 

8.8 

age per 1.0 g. 


28.9 

0.9 



14.6 



Eimer and Amend flake 

agar 



11 

2.2 


.. 



12 

3.9 

3.2 

1.5 

1.8 



13 

1.9 

0.3 

0.5 

0.4 



15 






12.0 

3.3 

15 








11.3 

16.9 

16 

3.1 

2.1 

0.3 

0.7 



16 

3.5 

.. 

0.8 




Average 

2.9 

1.9 

0.8 

1.6 

11.7 

lO.i 


General aver- 
age per 1.0 g. 3.4 1.4 16.0 


* Since the results presented here were confirmed by tests with flasks containing 0.25 
g. and 0.125 g. agar, the latter data are not included in this table although they are occa- 
sionally cited in the body of the paper. 
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Fig. 1. Effect of different amounts of agar on growth of Thycomycen. Each flask 
contained 25 ml. of the same basal medium plus: A, 1.0 g. Difco agar; B, 0.5 g.; C, 0.125 
g. ; D, 0.125 g. agar and 0.1 mji mole thiamin. Age 7 days. The darker appearance of the 
material in A (the flask on the left) is due to the larger amount of agar in the medium 
as well as to greater growth of mycelium with numerous sporangia. Fig. 2. Effect of 
different kinds of agar on growth of Phycomyces, Each flask contained 50 ml. of the same 
basal medium plus 1.0 g. agar; A, purified Difco agar; B, untreated Difco agar; C, un- 
treated Bimer and Amend agar. Age 7 days. The darker appearance of the material in the 
middle flask is due to the substances in the untreated Difco agar as well as to the greater 
growth ef mycelium with sporangia. 
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several causes, such as loss of mycelium in taking? it from the flask, incom- 
plete removal of the agar from the mycelium, unequal inoculation of the 
flasks in different experiments, or to some other factor. The lesser dry weight 
in the third lot of agar may indicate a difference in the amount of thiamin 
in separate lots of agar. 

A known amount of thiamin added to a definite quantity of agar in the 
basal medium gave about 64 per cent of the dry weight that would be ex- 
pected by adding that on liquid culture with added thiamin to that on the 
basal medium with agar ; for example, addition to 1.0 g. agar of 0.05 mp mole 
thiamin gave 31.4 mg. in place of the expected 45.0 mg., and of 0.5 mp mole 
thiamin, 57.2 mg. in place of 100 mg. This may be due to some unexplained 
error, or it may indicate that the dry weight produced in an agar medium 
with added thiamin is less than that in a liquid medium with the same 
amount of thiamin. If this is true, the thiamin content of agar is more than 
is indicated by the figures mentioned, for all calculations of the probable 
amounts of thiamin were made on the relation between thiamin and dry 
weight of mycelium produced in liquid cultures. 

Thiamin in Eimer and Amend flake agar. This agar produced sparse 
mycelium with few or no sporangia (fig. 2). Although greater dry weight 
usually was obtained in the presence of more agar the proportion was not 
definite, as it was with Difco agar ; for example, in experiment 13 the result- 
ing dry weights were 1.9 mg., 0.3 mg., 1.8 mg., and 1.2 mg. for 1.0 g., 0.5 g., 
0.25 g., and 0.125 g. agar respectively. The very small dry weights average 
only 2.9 mg. with 1.0 g. agar (table 1), or less than 0.01 mp mole thiamin. 
This amount was scarcely one-tenth of that found in Difco agar. Here, also, 
the addition of a known 0.5 mp mole thiamin to 1.0 g. agar gave dry weight of 
about 60 per cent of what might have been expected. 

Thiamin in crude, shred agar. This agar contained some thiamin. The 
dry weight was 5.3 mg. for 0.25 g. agar and 3.2 mg. with 0.125 g. agar, a 
response roughly proportional to the quantity of agar in the flask. The 
thiamin indicated was about 0.09 m^i mole in one gram of agar, an amount 
midway between those in the two other types of agar. 

Because Phycomyces Blakesleeanus did not grow in a liquid medium but 
grew in the same medium when it was supplemented by a known quantity of 
agar, it would appear that commercial agar contains thiamin or its inter- 
mediates. Difco granulated agar contained more of this vitamin than did a 
crude, shred agar which in turn had more than the sample of Eimer and 
Amend flake agar used. 

EFFECT OF THE PURIFICATION OF AGAR ON ITS THIAMIN CONTENT 

Samples of Difco granulated agar and of Eimer and Amend flake agar 
were purified with pyridine and were then used to solidify the basal medium. 
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In all of the tests with purified aj^ars Phycomyces formed only sparse 
mycelium and sporangia were generally absent or very rare (fig. 2). When 
thiamin was introduced into the medium with either of the purified agars, 
growth was prompt and definite. This indicated that the sparse growth of 
Phycomyces in the purified agar media was due to a lack of thiamin and not 
to toxicity of the purified agar caused by a residuum of pyridine or other 
causes. 

With purified Difco agar, lot 318721, the dry weight of Phycomyces was 
never more than 3.6 mg. per 1.0 g. agar (table 1). The dry weight was not 
proportional to the amount of agar present ; for example, in experiment 10 
the dry weights were 0.5 mg., 1.3 mg., 0.9 mg., and 1.2 mg. with 1.0 g., 0.5 g., 
0.25 g., and 0.125 g. agar respectively. This indicated considerably less than 
0.01 mp mole thiamin per 1.0 g. purified Difco agar, or less than one-tenth 
the amount present before the treatment with pyridine. The addition to 1.0 g. 
purified agar of 0.05 mp mole thiamin gave 20 per cent of the anticipated 
dry weight and of 0.5 mp mole gave 66 per cent of the expected weight. 
Added to 0.125 g. agar these same amounts of thiamin gave 30 per cent and 
60 per cent, respectively, of the anticipated dry weights. 

With purified Eiiner and Amend agar the general average for the dry 
weight per gram of agar was 1.4 mg.; however individual determinations 
varied considerably (table 1). The dry weights were not proportional to 
the amount of purified agar; for example, in experiment 13 the dry weights 
were 0.5 mg., 0.4 mg., 2.3 mg., and 1.3 mg. with 1.0 g., 0.5 g., 0.25 g., and 
0.125 g. agar respectively. This was equivalent to somewhat less than 0.01 mp 
mole thiamin in 1.0 g. purified Eiiner and Amend agar, possibly one-half 
the amount present before extraction. The addition of 0.5 mp mole thiamin 
to 0.5 g. purified Eimer and Amend agar gave dry weight of 31.7 mg. in 
place of the calculated 84.0 mg., to 0.125 g. agar, 3.3 mg. in place of 19.0 mg. 

Crude shred agar subjected to electrodialysis formed scanty mycelium 
with dry weights of 2.6 mg. and 1.0 mg. per 0.25 g. and 0.125 g. agar respec- 
tively. The relation between the dry weight of Phycomyces and the amount 
of agar Avas closer than it was for either of the two types of agar purified 
with pyridine. The amount of thiamin indicated was approximately 0.02 mp 
mole, or about one-fourth the amount present in the shred agar before elec- 
trodialysis and about twice as much as in the two agars purified by pyridine. 

Prom these results it would appear that thiamin was largely or com- 
pletely removed from agar by leaching with pyridine. Electrodialysis also 
removed thiamin from agar but was somewhat less effective than leaching 
with pyridine. Several tests, not reported here in detail, indicated that wash- 
ing agar in distilled water removed some thiamin, but further study is 
needed to determine whether leaching with water is as satisfactory as with 
pyridine. 
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THIAMIN IN AGAR EXTRACTS 

The agar extracts were added to the basal medium in amounts equivalent 
to the quantities of agar used in the earlier tests. Growth of Phycomyces on 
each of these agar extracts was superior to that on either of the purified 
agars. 

The dry weights with Difco agar extract averaged 11.6 mg. for the extract 
of 1,0 g. agar and 8.8 mg. for 0.5 g. agar (table 1). The general average for 
the equivalent of 1.0 g. agar was 14.6 mg., or about 0.04 mq mole thiamin, 
not quite one-half the amount in this same lot of untreated agar. 

With Eimer and Amend agar the dry weights averaged 11.7 mg. and 
10.1 mg. for the extract of 1.0 g. and 0.5 g. agar respectively (table 1). The 
general average for the equivalent of 1.0 g. agar w’as 16.0 mg., or 0.05 mq 
mole thiamin, which was about five times as much as was found in the origi- 
nal Eimer and Amend agar. 

These differences between the thiamin content of the extract and the 
original agar are difficult to understand. Aside from the possibility of 
experimental error, which T do not believe is responsible, the following pos- 
sibilities should be considered : Some thiamin may have been destroyed in 
the process of concentrating the agar extract under alkaline conditions 
created by the presence of pyridine. This would account for the smaller 
amount of thiamin found in the extract of the Difco agar as compared to 
the original agar. The more rapid percolation of the aqueous pyridine 
through the Eimer and Amend flake agar allowed periods when little liquid 
was present and the agar mass was moist and well aerated. This may have 
permitted the development of micro-organisms which increased the thiamin 
content of the extract beyond that of the original agar. The validity of these 
suggestions has not been determined, but they are offered as possible explana- 
tions. 

When Difco agar extract was added to an equivalent amount of purified 
Difco agar in the basal medium, this combination gave dry weights of 2.8 
mg., 2.0 mg., 2.2 mg., and 2.0 mg. for 1.0 g., 0.5 g., 0.25 g., and 0.125 g. respec- 
tively. With Eimer and Amend agar a similar combination of purified agar 
plus agar extract gave 1.9 mg., 0.7 mg., and 1.3 mg. for 0.5 g., 0.25 g., and 
0.125 g. respectively. A comparison of these figures with those noted earlier 
shows that growth of Phycomyces was much less here than on the untreated 
agar, was less than on the agar extract, was less than on purified agar with 
0.05-0.5 mjj mole added thiamin, and was little more than on the purified 
agar ; this was true for both the Difco and the Eimer and Amend agars and 
their extracts. These results confirmed and emphasized the point suggested 
in the earlier data that changes may have taken place during the process of 
leaching the agar, changes which were more than the simple washing out 
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of thiamin. Whatever the causes may be, it is obvious that purified a^^ar plus 
a8:ar extract is not equivalent to the original, untreated, commercial agar. 

WATER EXTRACTS FROM FILTER PAPER AND CLOTH 

Growth of Phycomyces with extracts from filter paper indicated less than 
0.01 mp mole thiamin per 1.0 g. Eaton and Dikeman paper and almost 0.02 
injj mole thiamin for 1.0 g. Whatman paper. Similar tests indicated about 0.03 
inp mole thiamin per 1.0 g. cheesecloth and about 0.15 mp mole thiamin per 
1.0 g. tobacco cloth. While these amounts of thiamin in filter paper and 
cheesecloth may seem small, especially those from the filter paper, they are 
definite and are large enough to cause a serious experimental error if the 
presence of thiamin were not realized. 

DISCUSSION 

Although a high degree of accuracj^ cannot be claimed for experiments 
ill which the growth substances occur in such minute amounts as they did 
in the materials which were used, demonstration of a measurable quantity of 
thiamin'' in commercial agar, in cheesecloth, and in filter paper emphasizes 
the need for care in laboratory procedure in which growth substances are 
involved. Proper precautions are especially important, because growth sub- 
stances are active in minute amounts such as may be present in agar or 
obtained from filter paper or cheesecloth used in the laboratory. 

Purification of agar with five per cent aipieous pyridine appeared 
satisfactory, but other methods, such as washing with water, may prove as 
effective and simpler for the removal of thiamin. 

The dry weight of Phycomyces on agar media to which thiamin was 
added and on purified agar to which agar extract was added was less than 
anticipated from growth of this organism in liquid cultures in the pres- 
ence of known quantities of thiamin. These observations raise the question 
whether the response of Phycomyces to a given quantity of thiamin may 
not be greater in a liquid medium than in an agar medium because of 
lessened availability of thiamin in the presence of agar, because of de- 
creased supply of water or another essential substance, or because of some 
other factor. 

SUMMARY 

1. Phycomyces Blakesleeanus grew better and produced greater dry 
weight in a medium solidified with Difco agar or with *Eimer and Amend 
agar than it did in the same medium without the agar. Because the basal 
medium contained minerals, sugar and asparagine but no added thiamin, 
this result was interpreted as indicating the presence of thiamin or its 

3 It should be pointed out that this study is concerned not only with thiamin as such 
but also with the thiazole and pyrimidine intermediates to which also Phycomyces responds. 
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intermediates in these agars. Diiferent kinds of agar varied in thiamin 
content. 

2. Thiamin was largely or completely removed by leaching the agar 
with five per cent aqueous pyridine, as was shown by lack of growth of 
Phycomyces in purified agars and by its growth in the agar extracts. 
Electrodialysis proved no more efficient in purifying agar than washing 
with five per cent pyridine. 

3. Cheesecloth, tobacco cloth and filter paper also were found to con- 
tain appreciable quantities of thiamin as measured by the growth of 
Phycomyces, 

4. Washing agar, filter paper and cheesecloth with distilled water re- 
moved some of the thiamin. 

5. Demonstration of thiamin in these frequently used materials empha- 
sized the need for care in laboratory technique. 

Department of Botany, Smith College 
Northampton, Massachusetts 
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THE EFFECT OF ACTINOMYCES ALBUS AND OF THIAMIN 
ON THE GROWTH OF TRICHOPHYTON DISCOIDES 

Juan E. Mackinnon 

INTRODUCTION 

The fungus Trichophyton discoides Sabouraud is a eommon cause of 
tinea in calves in Uruguay. It is also a frequent cause of tinea of the scalp, 
the beard, and the glabrous skin of man. These infections are usually very 
inflammatory. On Sabouraud ’s media, T. discoides grows slowly and pro- 
duces a flat, smooth, and usually glabrous giant colony ; some strains produce 
a central umbo and short velvet; the colony has a brownish neutral color. 
Sabouraud (5) did not describe conidia; but in 1934 Lebasque (2) observed 
aleurospora and closterospora in cultures on different cereals and on horse 
dung. Cazalbou (1) describes phases in the cultures of T. discoides; where 
T. discoides is mentioned in this paper the so-called normal phase is to be 
understood. 

During study of our strain 688, a culture on glucose-peptone agar was 
accidentally contaminated by an Actinomyces of the Actinomyces alhus 
group. A. albus (strain 693) began to grow at a distance of four cm. from a 
colony of T. discoides. After 15 days the sector of the colony of 1\ discoides 
nearest to the colony of A, albus became folded and velvety while the other 
sectors remained smooth and glabrous. Folding of the colony was due to an 
increase of the growth. The fact was confirmed many times (fig. 1). If the 
agar between the two colonies was cut, the Actinomyces had no further 
influence over the growth of the Trichophyton. 

The same results were obtained with another strain of the Actinomyces 
albus group, isolated from the soil (strain 800). A successful attempt was 
made also to increase the growth of another strain of T. discoides (strain 
461). 

These experiments proved that our strains of Actinomyces albus have a 
beneficial effect on the growth of T. discoides and that this effect is produced 
by a water-soluble substance. The importance of thiamin for plant growth 
has been recently emphasized by Robbins (3). In the thought that perhaps 
thiamin was the cause of the increase in the growth of T. discoides, the 
following experiments were made. 

experiments with glucose-peptone agar 

The culture medium was made up as follows : bacto-peptone ^0 g., pure 
Griibler glucose 40 g., agar 20 g., distilled water 1 1. Approximately 100 
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ml. of this medium was poured in flasks with a flat side 19 cm. long and 
5.5 cm. wide. Six flasks were arranged in three groups of two each. The 
thiamin chloride used was the synthetic crystalline product of Roche called 
“Aneurine.” 

To the flasks of the first group nothing was added. To each flask of the 
second group the mycelium of three cultures of A, albus, also on glucose- 
peptone agar, was added; these cultures had been incubated 15 days at 37° 
C. To the flasks of the third group 0.5 ml. of a 1 : 10,000 thiamin solution 
was added. The six flasks were heated at 100° C. for 30 minutes and then 
placed on their sides until the medium solidified. The layer of agar was 1 
cm. thick. 

The six flasks were inoculated with T. discoides in order to obtain giant 
colonies, and kept for 20 days in the incubator at 37° C. After this period 
the colonies which were growing on glucose-peptone agar (first group of 
flasks) were flat, smooth, and glabrous; they had produced a scanty myce- 
lium and were from 4.5 to 5 cm. in diameter (fig. 2). The colonies in the 
flasks of the second group, with mycelium of A, alhus, were folded and cov- 
ered with a short velvet; they had produced abundant mycelial growth (fig. 
3). The colonies in the flasks of the third group, with thiamin, were even 
more folded and velvety; they were from 3.5 to 4.5 cm. in diameter (fig. 4). 

Aleurospora and closterospora were produced by the colonies in the flasks 
with m^'celium of A. alhm or thiamin, but were very scarce. T, discoidcfi, 
when cultivated in media with thiamin or mycelium of A. albus, grows only 
over the surface of the agar ; but when cultivated on media to which thiamin 
or A, albus had not been added, it produces a scanty growth over the surface 
and also submersed mycelium. 

T inoculated peptone-glucose agar with mycelium of the folded, velvety 
colonies, which were growing in the medium with thiamin, and obtained 
again flat, smooth, glabrous colonies. 

These experiments demonstrate that Actinomyces albus elaborates a 
thermostable and water-soluble substance which has an effect on the growth 
of T. discoides similar to that of thiamin. 

EXPERIMENTS WITH SYNTHETIC MEDIA 

The following experiments were undertaken to determine if Actinomyces 
albus is really autotrophic for thiamin. The researches of Schopfer and of 
Robbins have demonstrated that Phycomyces Blakesleeanus Burgeff re- 
quires thiamin and that it is unable to synthesize this growth substance from 
sugar, asparagine, and minerals; this fungus produces a mycelial mat and 
sporangiophores only when supplied with thiamin or with both its inter- 
mediates, thiazole and pyrimidine. 

P. Blakesleeanus was grown in a medium similar to that used by Robbins 
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Fig. 1. Actinomyces albus (above) and Trichophyton discoides (below) growing in 
the same flask. A. albtis benefits the growth of the upper part of the colony of T. discoides. 
Fig. 2. Trichophyton discoides (strain 688). Giant colony aged 20 days growing on glu- 
cose bacto-peptone agar. xl. Fig. 3. Trichophyton discoides (strain 688). Giant colony 
aged 20 days growing on glucose bacto-peptone agar plus mycelium of Actinomyces albue, 
X 1. Fig. 4. Trichophyton discoides (strain 688). Giant colony aged 20 days growing on 
glucose bacto-peptone agar plus thiamin, x 1. 
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(4), its composition being: dextrose 100 g., asparagine 1.0 g., MgSO* * 7H2O 
0.5 g., KH2PO4 1.5 g., bacto-agar 10 g., redistilled water 1 1. To this medium 
0.1 ml. of the following solution of mineral supplements was added : H3BO3 
5.7 mg., CUSO4 • 5H2O 18.6 mg., (NH4)2Fe2 (804)4 * 24H2O 173 mg., MnCl2 * 
4H2O 7.1 mg., ammonium molybdate (85 per cent) 3.6 mg., ZnS04 • 7H2O 
79 mg., redistilled water 100 ml. The medium was poured in 250 ml. Erlen- 
meyer flasks of Murano glass, 40 ml. in each flask. The flasks were arranged 
in three groups. 



Fia. 5. Elaboration of thiamin by our strain 800 of the Actinomyces alb ns group 
tested by the growth of Phycomyces BlaTcesleeanus, From left to right; A. Culture on a 
medium lacking thiamin; no sporangiophores. B. On the same medium plus filtered cul- 
tures of Actinomyces albus; few sporangiophores. C. On the same medium plus mycelium 
of A, albus; luxuriant growth constituted mainly by a huge number of sporangiophores. 
D. On the same medium plus thiamin. 

Group 1, To two flasks were added 10 ml. of Czapek medium of the fol- 
lowing composition: NaNO^ 2 g., K2HPO4 1.0 g., MgS04 * 7H2O 0.5 g., KCl 
0.5 g., PeS04 • 7H2O 0.01 g., dextrose 40 g., bacto-agar 20 g., redistilled water 
1 1. The media were melted and then mixed. After solidification of the me- 
dium the two flasks were inoculated with mycelium of Phycomyces Blake- 
sleeanus, the plus strain. After 10 days at a temperature between 15° and 
20° C., a scanty, sparse mycelial growth was evident; no sporangiophores 
were produced (fig. 5 A). 

OrSup 2. To two flasks were added 10 ml. of Czapek medium and four 
drops of 1 : 10,000 thiamin solution. P. Blakesleeanus developed fairly well ; 
long sporangiophores and a mycelial mat were produced (fig. 5 D). 
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Group 3, To four flasks were added 10 ml. of cultures of Actinomyces 
albus (strain 800) on Czapek medium. These cultures had been incubated at 
37° C. for 15 days. After it had been heated at 100° C., A. albus died. P. 
Blakesleeanus grew in these flasks as well as in the flasks with thiamin (fig. 
5 C). 

A. albus was grown also in Czapek liquid medium. After 15 days the cul- 
ture was filtered through a Berkefeld filter and the extract was added to the 
agar which lacked thiamin. In this medium only a few sporangiophores were 
produced (fig. 5 B). 

The experiments demonstrate that our strain 800, of the A. albus group, 
is autotrophic for thiamin. 


OTHER EXPERIMENTS 

Growth of Phycomyces Blakesleeanus on glucose-peptone agar : This 
fungus grew well on this medium ; but the addition of from 0.00005 to 0.0001 
g. thiamin to 100 ml. of the medium produced a great increase in growth. 
This experiment seems to show that our medium (Sabouraud^s formula) has 
an insufficient quantity of thiamin or of one or both intermediates. 

Cultures of Trichophyton discoides on synthetic media : I was unable 
to cultivate T. discoides on the two media referred to above. The addition of 
thiamin to such media did not modify this result. 

An inhibitory effect of A. albus over P, Blakesleeanus : Glucose pep- 
tone agar was inoculated with our strain 693 of A, albus in order to have a 
few colonies. Six days later we inoculated the same flasks, where A. albus 
was already growing, with mycelium of P. Blakesleeanus. We observed that 
the growth of Phycomyces was increased near the colonies of A. albus; but 
very close to the colonies (1 mm.) the mycelium of the Phycomyces ceased 
growth. 


DISCUSSION 

The above experiments indicate that our strains of Actinomyces albus 
are autotrophic for thiamin, since their mycelium permits Phycomyces 
Blakesleeanus to produce a luxuriant growth and long sporangiophores in 
media which lacked thiamin. No information was furnished of interest in 
the physiology of Trichophyton discoides; our experiments only demonstrate 
that thiamin benefits its growth on media prepared with bacto-peptone. 

In medical mycology the identification of species is frequently made by 
the aspect of the giant colonies. The colony growth of T. discoides may vary 
greatly with the addition of small amounts of thiamin. The culture media are 
not always prepared with the same products, and one must therefore be cau- 
tious not to attach too much importance to small differences between the 
descriptions and figures of different authors. Many such small differences in 
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the aspect of the giant colonies have been considered as deserving specific 
rank. 

SUMMARY 

Strains of actinomyces, of the Actinomyces alhus group, have a stimulat- 
ing influence over the growth of Trichophyton discoides Sabouraud, when 
the latter is grown on glucose bacto-peptone agar. The giant colonies, usually 
flat, smooth, and glabrous, become folded and velvety. 

The addition of thiamin to the glucose bacto-peptone agar has the same 
effect as ^1. alhus on the growth of T, discoides. 

An agar medium lacking thiamin to which cultures of A. alhus on glucose 
Czapek medium have been added permits Phycomyces Blakesleeanus to pro- 
duce long sporangiophores as well as if thiamin had been added. Filtered 
cultures of Actinomyces alhus in liquid Czapek medium have a similar but 
less marked effect. 

The author is deeply indebted to William J. Robbins, Director of The 
New York Botanical Garden, for his advice and for the strain of Phycomyces 
Blakesleeanus that he kindly furnished us. 

Division of Parasitology, Institute of Hygiene 
Montevideo, Uruguay 
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STUDIES IN THE CRASSULACEAE— III. SEDUM, SUBGENUS 
GORMANIA, SECTION EUGORMANIA^ 

Robert T. Clausen 

Generic limits in the Crassulaceae are indefinite. Probably there never 
will be aj^reement regarding the boundaries of the various genera. The group 
of species which Britton (1903) included in Gormania was originally char- 
acterized by the horizontal rootstocks, the petals united below the middle 
and somewhat spreading above, the stamens borne on the corolla and the 
carpels united below. Yet, if one surveys the genus Sednm, even denuded of 
the many generic segregates, there still remain species which possess one or 
the other of all characters indicated as diagnostic for Gormania. 8. spathuli- 
folium has the horizontal rootstocks, 8. adolphii and 8. alstnefolium, the 
petals united below the middle and the stamens borne on the corolla, and 8. 
fusiformc the carpels united below. None of these characters is an absolute 
criterion for Gormania. Further, the statement about the petals must be 
modified somewhat. Study of fresh flowers indicates that there is considerable 
variation in the degree of fusion of the petals. They are only weakly united 
and can be pulled apart along the lines of fusion. Some of the species, referred 
by Britton to Gormania, now require somewhat different treatment. These 
include Gormania dchilis, G. ore ff ana and G. anoniala. All three are morpho- 
logically intermediate between Gormania and 8edum in the strict sense. 
Cytological evidence indicates that the first is far removed from Gormania, 
while the floral structure of the last two divorces them from Gormania proper, 
but places them in related sections. 

Cytological studies by Dr. Hollingshead (1942) suggest relationship of 
Gormania with the Rosulata of 8edum, also perhaps with the genus Eche- 
veria which has been sampled by Baldwin (1939^ The chromosomes are 
exceedingly small, elliptical or almost round, and rather numerous, either 
30 or 90 in the diploid condition. These are illustrated in this issue in the 
paper by Hollingshead (1942). 8. debile, treated as a Gormania by Britton, 
is 2n = 14-18. Its chromosomes are larger and markedly 2-armed, quite differ- 
ent in shape from those of any species of Gormania. Cytologically it is closer 
to 8. divergens circa 16) which has two-armed chromosomes. 8edum 
spathuli folium of the section Rosulata, generally acknowledged as properly a 

1 This investigation, was carried on with the aid of a grant from the Penrose Fund 
of the American Philosophical Society and a grant from the Trustee-Faculty Committee 
on Research of Cornell University. The cytological data are the result of studies by Br. 
TJlUan Hollingshead. 
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part of Sedum, is cytologieally similar to Qormania. The chromosomes are 
small and round and, in all plants studied, the diploid number is 30. Al- 
though the cytological evidence indicates that section Bosulata and G or mania 
are closely similar, the differences in floral structure, inflorescence and leaves 
are considerable. In Bosulata the petals are not connivent, but are more 
quickly spreading in rotate fashion ; the inflorescence is a three-parted cyme, 
not a paniculate cyme ; and the leaves of the rosettes are flatter and less leath- 
ery. On a basis of these three criteria, Gormania anomala Britton is clearly a 
member of the section Bosulata. Further, it is not specifically different from 
8. spathiUifolium. 

Sedum oreganum merits special attention. Although originally placed in 
Gormania by Britton, it differs markedly in certain details. The petals are 
narrowly lanceolate, long acuminate, and connivent for only one-eighth of 
their length. The sterile rosettes are on leafy stems, with the leaves not leath- 
ery after the fashion of Gormania. Instead, in texture and appearance, the 
leaves are more like those of 8. divergens. Probably, 8 . oreganum belongs in a 
section by itself, Section Oreganica, n. sect, (sectio nov., petalis anguste 
lanceolatis, longe acuminatis, erectis sed paululum conniventibus; rosulis 
caulibus 2-10 cm. longis, foliis carnosis sed non coriaceis). 

In order to show seeming natural relationships, Gormania may now be 
treated as a subgenus of 8edum comprising three sections. The first of these 
sections, here designated as Eugormania, in the union of the petals below, 
seems to be morphologically closest to Echeveria, wdiile the other two sections 
are morphologically closer to Eusednm. 

Subgenus Gormania (Britton) Clausen, stat. nov. 

Gormania Britton, Bull. N. Y. Bot. Card. 3: 29. 1903. Named in honor of 
M, W. Gorman of Portland, Oregon. Type species: Cotyledon oregonensis 
Watson. 

Characteristics of this subgenus are the horizontal rootstocks, the promi- 
nent sterile rosettes and the petals which are erect at base for 1/10 or more 
of their length. The chromosomes are small and more or less round, in a 
euploid series of n = 15. 

KEY TO THE SECTIONS OF GORMANIA 

A. Petals connivent or united for 1 or more of length, divergent above; 
sterile rosettes with the leaves thick and leathery, usually glaucous; 

inflorescence a paniculate cyme 1. Section Eugormania 

AA. Petals free from the base or united for J of length, erect or widely 
spreading above; leaves fleshy, but not leathery; inflorescence a 3- 
parted cyme, sometimes compound. 

B. Petals erect at base for about iV of length, then widely spread* 

ing; leaves green or gray, often glaucous 2. Section Ronvlata 
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BB. Petals erect throughout, united at base for | of length; leaves 

very fleshy, green suffused with red, never glaucous 3. Section Oreganica 

Section Eugormania 

This section is distinguished by the characters indicated in the above key. 
The type species is the same as for the subgenus. 

In the discussion under the species and subspecies, names of herbaria are 
abbreviated as: Bailey Hortorium, Cornell University, BH; Department of 
Botany, Cornell University, CU; California Academy of Sciences, CAS; 
Gray Herbarium, Harvard University, 6H; New York Botanical Garden, 
NY ; Santa Barbara Museum, SBM ; Stanford University, DS ; U. S. National 
Herbarium, US ; and Willamette University, WJLLU. Besides the specimens 
in the herbaria listed above, I have also made a rapid survey of the material 
in the herbarium of the University of California at Berkeley. 

KEY TO THE SPECIES OF EUGORMANIA 

A. Inflorescence and upper part of stem glandular pubescent, strongly 
reflexed before flowering time; leaves of rosettes glandular-ciliate; 

petals yellow 2. Sedum glanduliferum 

AA. Inflorescence and upper pari of stem glabrous, usually erect before 
flowering time; leaves of rosettes usually not ciliate; petals yellow, 

white or jnnk B 

B. Flowers yellow or pale yellow, sometimes fading to white or pink 
in age; inflorescence a paniculate cyme; leaves of rosettes 1-3 

cm. long 1. Sedum ohtusatum 

BB. Flowers white, creamy white or pink; inflorescence a dense pani* 
culate or corymbose cyme; leaves of rosettes 1-4.5 cm. long. 

C. Flowers white or creamy white; sepals ovate, 2-3 mm. long. 

3. Sedum oregouense 

CC. Flowers pink or pale pink, rarely white; sepals lanceolate 

or ovate, 2-5 mm. long 4. Sedum laxum 

1. Sedum ohtusatum A. Gray. 

Prom the other species of the Section Eugormania^ Sedum obtusatum 
may be distinguished by the yellow flowers which are borne in a glabrous 
paniculate cyme. The species is nearest to S. oregonense, from which it is 
only doubtfully distinct in the northern part of its range. That species has 
creamy white flowers, a paniculate-cymose inflorescence which is broadest and 
densest above, and larger rosette leaves ; also, so far as present investigations 
indicate, it is hexaploid. 

Sedum obtusatum may be divided into a southern subspecies with small 
rosette leaves and bright red stems and a northern subspecies with larger 
leaves and stems which are only slightly red or pink. The southern element, 
including the type, is native in the Sierra Nevada, ranging north to the 
region of the Feather River (fig. 1). The other race has its center of dis- 
tribution in the southern Cascade Mountains. The two subspecies are sepa- 
rated in the following key : 
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A. Basal leaves relatively small, 0.5-2.5 cm. long, usually broadly rounded 

or truncate at apex; stems of rosettes bright red la. 8, obtusatum ssp. typicum 

A A. Basal leaves usually larger, 1-3.0 cm. long, usually retuse at apex; 

stems of rosettes pale red or pink lb. 8 . obtusatum ssp. boreale 




FiO. 1. Distribution of Sedum obtusatum^ ssp. typicum (dots) and ssp. boreale 
(stars). Fig. 2. Distribution of Sedum oregonensc (dots) and 8. glandnViferum (star). 

la. Sedum obtusatum A. Gray, ssp. typicum^ 

Sedum obtusatum A. Gray, Proc. Am. Acad. 7; 342. 1868. Type speci- 
mens are in Gray Herbarium. Type sheet bears four collections from an 
equal number of localities: Vernal Falls; Yosemite Valley; Mt. Hoffman; 
and a peak in the Sierra Nevada. The specimen from Yosemite Valley, col- 
lected by J. Torrey, 1865, no. 143, is fragmentary and perhaps referable to 
8. spathulifolium. The other three specimens seem to be closely similar to 
each other and agree with Gray’s original diagnosis. I have visited and col- 
lected plants at both Vernal Falls and Mt. Hoffman. 

2 Regarding the use of the epithet typicus, the following quotation from Gontes ITer- 
barum (4*: 292. 1940) will explain niy usage in this paper and elsewhere. *^As employed 
by the writer, following Article 30, Recommendation 18 of the International’ Rules of 
Botanical Nomenclature, the epithet var. typica is not regarded as a new name, but as a 
parenthetical practical device to permit accurate designation of the typical element of 
a species. It has no nomehclatorial standing and does not require the citation of an 
authority. Whenever a variety or a subspecies is described or placed in a species, the 
typical element of that species automatically becomes variety or subspecies typica. ^ ^ 
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Gormania obtusata (A. Gray) Britton, Bull. N. Y. Bot. Gard. 3: 29. 

1903. 

Gormania Hallii Britton, Bull. N. Y. Bot. Gard. 3: 29. 1903. Type speci- 
men, at the New York Botanical Garden, is from the vicinity of Tuolumne 
Meadows, in the Canadian Zone, at 8*500-9500 ft. alt., Yosemite National 
Park, Calif., July, 1902, J7. M. Hall and E. B, Babcock 3545. 1 have collected 
specimens on Lembert Dome, the type locality, at the eastern end of 
Tuolumne Meadows. These plants closely match my collections from Mt. 
Hoffman, and except for their later development, which is to be expected be- 
cause of the hig:her altitude, are fair matches for plants from the region of 
Yosemite Valley. The shape of the sepals is not sufficiently different or reli- 
able to distinguish this population. 

Gormania Burnhami Britton, Bull. N. Y. Bot. Gard. 3: 30. 1903. Type 
specimen, at the New York Botanical Garden, is from along the trail between 
Lake Eleanor and Lake Vernon, Tuolumne Co., Calif., July 16, 1894, 8. H. 
Burnham.. I have collected plants at the type locality. As the flowers mature, 
the petals fade to pink, as is the condition in plants in the Yosemite Valley. 

1 find no basis to segregate this from the common population of the Sierra 
Nevada. 

Cotyledon obtusata (A. Gr.) Pedde, Just’s Bot. Jahresbericht 31 (1) : 827. 

1904. 

Cotyledon Burnhamii (Britt.) Fedde, ibid. 

Cotyledon yosemitensis Fedde, ibid. Based on Gormania Hallii Britton. 

Echeveria obtusata (Gray) Nels. & Macbr., Bot, Gaz. 66: 476. 1913. 

Echevcria Brittonii Nels. & Macbr., Bot. Gaz. 56: 476. 1913. Based on 
Gormania Hallii Britton. 

Sedum rubroglauciim Praeger, Jour. Bot. 67: 51. 1919. Described from 
plants sent by H. M. Hall, originally collected along the Short Trail, Yosem- 
ite Valley. 1 see no reason for distinguishing this from 8. obtusatum. The 
crimson stem and glaucous leaves are both characteristic of the species, while 
the larger flower-size is not significant. 

Sedum obtusatum var. Hallii (Britton) Smilev, Univ. Calif. Pub. Bot. 
9: 213. 1921. 

Sedum Hallii (Britton) Praeger, Jour. Roy. Hort. Soc. 46: 241. 1921. 

Sedum Burhamii (Britton) Berger m Engl. & Prantl, Nat. Pflanzen- 
fam. ed. 2, 18a: 451. 1930. 

Echeveria Hallii Berger, pro synon., ibid. 458. 

Perennial with rootstocks to 5 mm. thick, bearing rosettes of thick, fleshy, 
spatulate leaves, obtuse or rounded at apex, glaucous, usually suffused with 
red or pink, 0.5-2.5 cm. long and 0.2-0.7 cm. wide ; spreading by the produc- 
tion of numerous offsets, of which the stems are red ; floral shoots erect, 3-16 
cm. high, glabrous throughout, often suffused with red ; cauline leaves alter- 
nate, oblong-spatulate, spurred, reduced upwards ; inflorescence a paniculate 
cyme, 1.5-11 cm. long and 1.5--5 cm. broad ; floral bracts spatulate to linear- 
oblong ; sepals ovate-lanceolate, obtuse, erect, green, suffused with pink in age, 

2 to 4 mm. long, united for 1 mm. at base ; petals erect below and connivent 
for 2/5 their length, somewhat spreading above and keeled dorsally, oblong- 
lanceolate, 6-9 mm. long, 'Memon yellow” when fresh, fading to buff or 
pinkish in age ; stamens 4-6 mm. long, anthers yellow, filaments pale yellow; 
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nectar-scales transversely linear, about 0.8 mm. wide and 0.2 mm. lonj?; 
carpels 6-7 mm. long, erect, greenish yellow to pinkish, becoming red in 
fruit. 

The distribution of ssp. typicum is in the Sierra Nevada from Kaweah 
Peaks, Tulare Co., Calif., north to the headwaters of the Feather River, 
Plumas Co., and east to Aurora, Nevada. The altitudinal distribution is 
from 5000 to 13,000 ft. Habitat is usually on exposed rocks, in crevices 
and among boulders, occasionally in woods on rocky slopes. 

Specimens seen: Highest altitude — 11,000-13,000 ft., Lake of Islands, 
Kaweah Peaks, Tulare Co., Calif., W. B. Dudley 2394. (DS) ; lowest altitude 
— 5000 ft., Nevada Palls, Yosemite National Park, R, T. Clausen IL 
Trapido 4801 (BH, CU) ; northernmost — Feather River Region, Lake Center 
Camp, Plumas Co., Calif., Anna Head (CAS) ; easternmost — Aurora, Min- 
eral Co., Nevada, Mrs. J. D. Wright (SBM) ; westernmost — Emigrant Gap, 
Placer C!o., Calif., Mrs. C. E. Miller (CAS) ; southernmost — same as highest 
altitude; oldest — 1860-62, Mt. Hoffman, W. H. Brewer 1678 (GH). Num- 
ber of collections seen — 136. 

The flowering time is from June to July; the fruiting time from July to 
August. Depending on the altitude and exposure, the leaves vary in size and 
in redness, also the flowers vary somewhat in size and in number in the iur 
florescence, but these fluctuations seem unworthy of nomenclatorial recog- 
nition. Specimens from Doiiner Lake, A. A. Heller 7105 (NY, US) were 
given a manuscript name by J. N. Rose, but I do not regard them as sufii- 
ciently different to deserve taxonomic recognition. 

A plant from Nevada Palls (R. T. C. 4801) and another from Lake Ver- 
non (4810), both in Yosemite National Park, have a 2n number of 30. An- 
other specimen from the slope of Mt. Hoffman (/?. T. C. 4823) has an n num- 
ber of 15. Since genetical work has not been carried on in the [)resent 
investigation, there is no information regarding the compatibility of S. 
ohtusatum with S- oregonense and the various subspecies of 8. laxum, its 
nearest allies. Should these be freely interfertile, they ought all to be treated 
as subspecies of 8. ohtusatum. Each of these populations, here treated as 
species on a basis of morphological differences, occupies a distinct range. 

8. ohtusatum is relatively common in the horticultural trade, where it is 
generally correctly listed. The plant requires good drainage and much 
sunlight. 

lb. Sedum obtusatum ssp. boreale Clausen, ssp. nov. — Planta foliis 
majoribus quam ssp. typicum, 1-3 cm. longis, plerumque retusis ad apicem ; 
caules rosellarum roseatae. 

Flowering plants relatively larger than ssp. typicum, 8-20 cm. high, 
rosette leaves spatulate, usually retuse at apex, 1-3 cm. long and 0.4-1.3 
cm. wide, somewhat glaucous, occasionally reddish on the margins; stems 
of the offsets pale red or pink ; floral shoots erect, glabrous, often suffused 
with pink; cauline leaves oblong-spatulate, spurred, reduced upwards; in- 
florescence an elongate paniculate cyme, 2-12 cm. long and 1.5~5.0 cm. 
wide ; floral bracts spatulate to narrowly linear ; sepals ovate, acute, 2-3 mm. 
long, united at base, green; petals erect below and connivent for 2/5-3/5 
their length, somewhat spreading above, oblong-lanceolate, 6-7 mm. long^ 
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pale to deep yellow, becomiiij? white or pink with age; stamens 5-6 mm. 
long ; carpels 6-7 mm. long. Type in the herbarium of the Department of 
Botany, Cornell University, from rocky slope, east side of Mud Creek Can- 
yon, Mt. Shasta, Calif., July 26, 1940, B. T. Clausen and H, Trapido 4952; 
isotypes in the Bailey Hortorium and elsewhere. 

Ssp. boreale occurs at altitudes from 4000-7500 ft. in the Southern Cas- 
cades and Coast Ranges of northern California. 

Specimens seen: Highset altitude — 6500-7500 ft.. Caribou Basin, Sal- 
mon-Trinity Alps, Siskiyou Co., Calif., J, T, Howell 13450 (CAS) ; lowest 
altitude — 4000 ft., Bear Wallows, trail to Preston Peak, Del Norte Co., 
Doris K. Kildale 8800 (DS) ; northernmost — Little Grayback, Siskiyou-Del 
Norte County Line, Edward Lee (DS) ; easternmost — east side of Mud 
Creek Canyon, Mt. Shasta, Siskiyou Co., R. T. C. 4952 (BH, CU) ; \^estern- 
most — same as lowest altitude; southernmost — same as highest altitude; 
oldest — June 15-30, 1897, Mt. Shasta, Siskiyou Co., H, E. Brown 440 (DS) ; 
regarding this collection, there is reason to doubt whether the plants were 
collected on Mt. Shasta or elsewhere. Number of collections seen — 21. 

The flowering time of ssp. boreale extends from late May to July, de- 
pending on the altitude and exposure. The seeds mature in August. 

Principal variations are in the color of the flowers and in the length of 
the inflorescence. The petals are usually yellow when fresh, but sometimes 
very pale, almost white. With age, they tend to become white or pink. The 
inflorescence is characteristically long and narrow, with ascending slender 
branches, but this varies with the age of the plant and probably wdth the 
habitat. 

A plant of R. T. C, 4952, the type collection, from Mt. Shasta, is 2n = 30. 
No other collections of this subspecies have been investigated cytologically. 
In shape and size, the chromosomes appear similar to those of ssp. typicum. 

2. Sedum glanduliferum (Hend.) M. E. Peck, Man. Higher Plants Ore. 
361. 1941. 

Cotyledon glanduliferum L. P. Henderson, Rhodora 32: 26. 1930. Type 
is in the herbarium of the University of Oregon, Eugene, Oregon, from 
along the trail 3 miles below Alameda, Rogue River, Josephine Co., Oregon, 
June 1, 1928, Mr, and Mrs, J, R, Leach 1599, 

Gorman ia glandulifera Ij. P. Henderson pro synon., in Peck, ibid. 

Perennial with rootstocks to 1 cm. thick, bearing compact clusters of 
stiff, ascending, rather flat, oblong-spatulate leaves, somewhat glaucous, 
glandular-crenulate, to 4 cm. long, 1 cm. wide and 2 mm. thick, with apex 
subacute and grooved ; floral stems erect or abruptly decumbent at base, to 
3 dm. high, glabrous below, densely glandular above; cauline leaves alter- 
nate, oblong-spatulate, sessile, 1. 1-2.8 cm. long and 0.5-1.2 cm. wide, glandu- 
lar-hairj^ ; flowers in a densely glandular two-three parted cyme ; floral shoot 
recurved before anthesis; floral bracts oblong-spatulate, glandular-ciliate, 
0.^1.4 cm. long below, much reduced upwards; pedicels 2 mm. long; sepals 
erect, ovate or lanceolate, obtuse or acute, united for 1-2 mm. at hose, 5-6 
mm. long, densely glandular ; petals erect, primrose-yellow to gifeenish yel- 
low, oblong-lanceolate, abruptly acuminate-attentuate, densely glandular, 
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Fio. 3. Sedum glanduliferum. Drawings by Miss L. Kraft^ from plants, originally 
from type locality, grown at Ithaca, N. Y. A. Habit sketch (xj), B. Flower from above 
(xlj). C. Flower from side (xli), D. Carpels (x2i), E. Single carpel (x3i). F. Petal 
and two stamens (x2f). G. Nectar scale (x4), H. Habit sketch of plant before dowering 

(xi). 
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14 mm. long, with the margins connivent for i their length ; stamens 4-7 
mm. long, with anthers oblong, 0.8-1 mm. long, rounded apically and trun- 
cate basally, deep yellow ; fresh nectar-scales normally transversely linear ; 
carpels erect, 6-10 mm. long, with short stout styles to 2 mm. long; seeds 
oblong-pyriform, yellow-brown, finely-striate. — In the original description 
Henderson commented particularly on the red color of the plant, but I have 
not been impressed by this character. A plant cultivated in the Santa Bar- 
bara Botanic Garden, originally collected by Reid Moran at the type local- 
ity, was dark green, only somewhat glaucous. Plants at the type locality, 
observed by me on July 31, 1940, had the leaves glaucous, somewhat suf- 
fused with red or purple, but not decidedly so. 

8, glanduliferum is known only from the type locality along the Rogue 
River below Alameda, Oregon, in the Pacific Border Province (fig. 2). 

Specimens seen: Two herbarium collections, three cultures of living 
plants grown at Ithaca, New York, and one at Santa Barbara, Calif., all 
from type locality. 

Flowering time is June. 

Representatives of two collections from the type locality, Moran i03 and 
B, T, C, 5014^ investigated cytologically, are 2n = 30. 

Illustration: Figure 3. 

3. Sedum oregonense (Watson) M. E. Peck, Man. Higher Plants Ore. 
361. 1941. 

Cotyledon oregonensis S. Wats., Proc. Am. Acad. 17: 373. 1882. The 
TYPE, in the Gray Herbarium, is the collection of J. and T. J. Howell, no. 
322, July 1880, from the Cascade Mts., Oregon. Watson mentioned northern 
Oregon as the nativity of the species and described the petals as pale yellow. 
Mt. Hood probably is the original locality. Plants collected by me near 
Crater Lake closely match the type. 

Oormania watsoni Britton, Bull. N. Y. Bot. Gard. 3: 29. 1903. 

Echeveria Watsonii (Britton) Nels. & Macbr., Bot. Gaz. 56 : 476. 1913. 

Sedum Watsoni (Britton) Tidestrom, Proc. Biol. Soc. Wash. 40: 119. 
1927. 

Perennial with well-developed, much branched, spreading rootstocks to 
7 mm. thick, bearing rosettes of fleshy, spatulate leaves, rounded, truncate 
or slightly retuse at apex, glaucous, yellow-green, often suffused with pink 
or red, 1-2.8 cm. long, and 0.4-1.1 cm. wide; spreading by the frequent pro- 
duction of offsets of which the stems are green suffused with pink; floral 
shoots erect, 6-27 cm. high, glabrous, pinkish to red; cauline leaves alter- 
nate, oblong-spatulate to almost orbicular, spurred, 0.5-1.2 cm. long ; in- 
florescence paniculate, 1.5-9 cm. long and 1.5-7 cm. wide, usually widest 
and densest above; floral bracts spatulate, orbicular or linear; sepals ovate, 
acute, erect, 2-3 mm. long, united for 1 mm. at base ; petals oblong, blunt, 
erect below and connivent for i to ^ their length, somewhat spreading above, 
7 to 8 mm. long, white to creamy white; stamens 4-^ mm. long, anthers 
salmon-pink ; nectar scales transversely linear, about 0.8 mm. wide and 0.2 
mm. long ; carpels 6-7 mm. long, erect. 

8, oregonense occurs in the Cascade Mountains of Oregon and northern 
California, at elevations from 5500 to 7800 ft. (fig. 2). The habitat usually is 
exposed rocky slopes, cliffs or steep mountain-sides. 
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Specimens seen: Highest altitude — 7800 di ft., Mt. Jefferson, Ore., M. E, 
Peck 9163 (BH) ; lowest altitude — 5200 ft., Mt. Jefferson, Ore., M, W, Oor- 
man 2831 (DS) ; northernmost — Bluegrass Ridge, Mt. Hood, Ore., J. W. 
Thompson 3323 (DS) (Specimens from bluffs of the ocean, Ilwaco, Pacific 
Co., Wash., July 26, 1886, L. F. Henderson 330 (DS) are doubtfully to be 
referred here. Further material is needed from that locality) ; easternmost 
— same as northernmost; westernmost — Preston Peak, Siskiyou Co., Calif., 
Doris K, Kildale 8585 (BH, DS) ; southernmost — Mt. Eddy, Siskiyou Co., 
Calif., L, E, Smith 433 (CAS) ; oldest — 1880, Cascade Mts., Ore., J. <& T. J, 
Howell 322 (GH, NY, DS). Number of collections seen — 50. 

Flowering time is July; fruiting time, August. 

Throughout its range, 8 . oregonense seems constant in its characters. 
In the horticultural trade, a variety rosea is offered. 

Two populations from the region of Crater Lake have been investigated 
cytologically. These both have a 2n number of about 90. All other species of 
the section Qormania, which have been studied cytologically, with the excep- 
tion of one cultivated plant of unknown source and which possibly is this 
species, have a 2n number of 30. Presumably, 8 . oregonense does not inter- 
breed with its relatives, both because of geographic and genetic barriers. 
No experimental crossing has been attempted. 8 . oregonense is nearest to 
8, ohtusaium. The relationships of these two species still require further 
field study, particularly at places like Mt. Eddy where both occur. 

8 . oregonense is rather frequent among fanciers as a rock-garden sub- 
ject. In the trade, it is usually listed as Oormania watsonii, 

4. Sedum laxum (Britton) Berger. 

This is a glabrous perennial with broadly to narrowly spatulate retuse 
rosette-leaves, pink or pinkish-white flowers and lanceolate, acute or acu- 
minate sepals. The collective species ranges from north-central California to 
southwestern Oregon and is composed of five subspecies. These are separated 
in the following key : 

A. Plants tall and robust, 25-40 cm. high; leaves dark green, not glau- 
cous; petals deep pink 4b. S. laxum ssp. typicum 

A A. Plants not as tall as above, 10-25 cm. high; leaves yellow-green or 
blue-green, usually glaucous; petals pink, pale pink to white suffused 

with pink B 

B. Inflorescence congested ; rosettes closely crowded, forming a 

dense mat, with the leaves rather thin 4d. S, laxum ssp. retusum 

BB. Inflorescence lax; rosettes not closely crowded, forming a loose 

mat, with the leaves thick and leathery 0 

C. Eosette-leaves very broad, 2.0-3.0 cm. wide, triangular, ob- 

cordate, sometimes not glaucous; petals pale pink to white. ^ 

4c. 8, laxum ssp. latifolium 

CC. Bosette-leaves narrow, 0.3-2.0 cm. wide, oblong-oblanceo- 

late or spatulate, usually glaucous ; petals pink D 

D. Cauline leaves oblong-spatulate, longer than broad. 

4a. 8, laxum ssp. perplexum 

DD. Cauline leaves cordate to subcordate, about as broad 

as long 4e. 8. laxum ssp. heckneri 

4a. Sedum laxum ssp. perplexum Clausen, ssp. nov. — Planta parva, 7- 
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15 cm. alta; folia rosellarum oblonga-oblanceolata vel spatulata, glauca, 
0.5~2.5 cm. longa, 0.3— 1.4 cm. lata ; folia caulina oblonga-spatulata, longiores 
quam lata ; petala roseata. 

Flowering plants relatively small, 7-15 cm. high ; rosette-leaves oblong- 
oblanceolate or spatulate, glaucous, rounded, truncate or somewhat retuse 
at apex, 0.5-2.5 cm. long and 0.3-1.4 cm. wide ; rosettes forming loose mats, 
but not densely crowded; cauline leaves oblong-spatulate, longer than 
broad ; inflorescence a paniculate cyme, broader than long, 2-6 cm. wide and 
2-4 cm. long ; sepals lanceolate, acute, 4-5 mm. long ; petals pink, 8 to 10 mm. 
long. Type in the Bailey Hortorium, from cliff near mouth of Rogue River, 
Oregon, July 8, 1919, if. E, Peck 8703. 

Ssp. perplexum occurs at low altitudes in the Pacific Border Province 
from Del Norte Co., California, to Curry Co., Oregon, and inland to Jack- 
son Co., Oregon. 

Specimens seen: Highest altitude — 6500 ft., Salmon Summit via Horn 
Creek Trail, Siskiyou Co., Calif., Doris K. Kildale 5362 (DS) ; lowest alti- 
tude — ^near sea-level, type collection, M. E. Peck 8703 (BH, WILLU) ; 
northernmost and westernmost — type collection ; easternmost — Steen’s Butte, 
Jackson Co., Ore., M. E. Peck 19429 (WILLU) ; southernmost — Gordon 
Mt., Del Norte Co., Calif., Doris K. Kildale 9930 (BH) ; oldest — Sept. 11, 
1912, trail from Waldo to Black Butte, Siskiyou Co., Calif., Alice Eastwood 
2142 (CAS). Number of collections seen — 17. A collection from Trinity Co., 
Calif., July, 1880 (CAS 136352), would be both the oldest and southernmost 
record, but the specimens are not sufficiently complete for certain identifica- 
tion. 

Flowering time is from June through July. The fruiting shoots and cap- 
sules may persist through the winter. 

This subspecies passes imperceptibly into the other variants. Specimens 
intermediate between it and ssp. typicum are illustrated by my collection 
no. 5015 from a steep slope on the north side of the Rogue River 6 miles 
above Galice, Josephine Co., Ore. In stature, shape and nature of rosette- 
leaves and type of inflorescence, this collection stands between the two, but 
the flowers are white on opening and then become pale pink, in this respect 
resembling ssp. latifolium. Ssp. perplexum also shows certain tendencies to- 
wards Sedum oregonense on the one side and towards ssp. heckneri on the 
other. It may possibly be only a phase of the latter. 

Chromosomal data are available for only one collection of ssp. per- 
plexum. This is a cultivated specimen of unknown origin. In this, 2n = 30. 
A plant of my collection no. 5015 and a similar intermediate plant from the 
same region both are 2n = 30. 

From the horticultural trade, ssp. perplexum has been received as Oor- 
mania laxa. It is a desirable subject for the rockery. 

4b. Sedum laxum (Britton) Berger, ssp. typicum. 

Oormania laxa Britton, Bull. N. Y. Bot. Gard. 3: 29. 1903. The type, at 
the New York Botanical Garden, is the collection of Thomas Howell, June 4, 
1884, from Waldo, Oregon. 

Cotyledon Brittoniana Fedde, Just’s Bot. Jahresbericht 61 (1) : 827. 
1904. Based on Oormania laxa Britton. 

Echeveria Oormanii Nels. & Macbr., Bot. Gaz. 66 : 476. 1913. 
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Sedum laxtim (Britton) Berger, Engl. & Prantl, Nat, Pflanzenfam. ed. 2, 
18a: 451. 1930. 

Stout, with rootstock to 1.5 cm. thick, bearing rosettes of stiff, flat, nar- 
rowly spatulate leaves, truncate or retuse at apex, dark green, to 4.5 cm. 
long and 1.7 cm. wide ; floral stems stout, to 1.0 cm. thick, erect throughout 
development, to 40 cm. high, glabrous; cauline leaves alternate, oblong- 
spatulate; inflorescence 5-17 cm. long and 10.5 cm. across; floral bracts 
spatulate to linear; sepals ovate-lanceolate, with their margins connivent 
below for one-third their length, spreading above, 8 to 10 mm. long ; stamens 
5 to 6 mm. long ; nectar scales transversely linear ; carpels erect, with styles 
somewhat divergent, to 8 mm. long; seeds pyriform, yellow-brown, 1.2-1. 5 
mm. long. 

The typical phase of Sedum laxum is known from only two localities, 
both in Josephine Co., Ore., the region of the type locality, at an elevation 
of 2000 ft. in the Rogue River Basin, at Waldo, and in yellow pine woods 
on the east slope of Eight Dollar Mountain, Elmer Applegate ' . 1 col- 
lected and observed the species at Waldo on August 1, 1940 (22. T. C. 5018), 
also I have examined five other collections from that locality. The plant is 
abundant there on dry rocky slopes. The rosettes are glaucous, green to 
purple or red, with the leaves finely crenulate and minutely spotted with 
white. This has the appearance of a distinct species with its large rosette and 
spatulate cauline leaves, but intermediates occur between the large plants, 
as they grow at Waldo, and ssp. perplexum, Applegate ^s collection (DS 
247453) from near Pilot Rock, Siskiyou Mts,, Jackson Co., Ore., illustrates 
this intergradation. 

Two authentic specimens from the type locality, investigated cytologi- 
cally, are 2n = 30. 

Typical Sedum laxum seems not to be in the trade, although, because of 
its large size, it is more showy than any of the other subspecies. I have seen 
one cultivated specimen from a garden in San Francisco. At Waldo, the 
flowering time is the middle of June. 

4c. Sedum laxum ssp. latifolium Clausen, ssp. nov. — Planta 15-30 cm. 
alta; folia rosellarum triangulato-obcordata vel late spatulata, latissima, 
non glauca vel paulum glauca, 1.5-4 cm. longa, 0.7-3 cm. lata ; folia caulina 
spatulata, longiores quam lata ; petala roseata vel alba. 

Flowering plants 15-30 cm. high; rosette-leaves very thick, triangular- 
cordate or broadly spatulate, very broad, deeply emarginate at apex, either 
yellow-green and not glaucous or somewhat glaucous, 1.5-4 cm. long and 
0.7-3 cm. wide; cauline leaves spatulate, longer than wide; inflorescence a 
paniculate cyme, longer than broad, 2.5-8 cm. long and 1-4 cm. wide ; sepals 
lanceolate, acute, 3-4 mm. long; petals 7-10 mm. long, oblong-lanceolatOj 
pink or white suffused with pale pink. Type in the Bailey Hortorium, from 
rocky slope along Smith River 24 miles northeast of Crescent City, Del 
Norte Co., Calif., July 24,* 1940, 22. T. Clausen 4941. 

Ssp. latifolium is at present known only from the general region of the 
type locality, where it occurs on steep slopes and rocky bluffs at an elevation 
of about 1500 feet. Besides the collection cited as type, at least seven other 
collections have been made. The localities for these are Smith River Canyon, 
Smith River near Adams Station, near Gasauet, Gasauet Mountain. Gasauet 
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to Patricks and Patrick Creek. Flowering time is late June and early July. 

A plant of my collection 4941, grown in a greenhouse at Ithaca, New 
York, is 2n = 30. A plant of a collection by Moran {no, 406) from the 
entrance to the Siskiyou National Forest, 2 miles above Hiouchi Grove on 
the main highway up the Smith River from Crescent City, Calif., to Grants 
Pass, Ore., also is 2n = circa 30. 

4d. Sedum laxum ssp. retusum (Rose) Clausen, comb. nov. 

Gormania reixisa Rose. Bull. N. Y. Bot. Gard. 3; 31. 1903. The type 
specimen, in the United States National Herbarium, is the collection of 
A. A. Heller, Aug. 6, 1902, from Sanhedrin Mountain, 5000 ft.. Lake Co., 
Calif. 

Gormania Eastwoodiae Britton, Bull. N. Y. Bot. Gard. 3: 31. 1903. I 
have seen the type in the herbarium of the California Academy of Sciences 
and an isotype at the New York Botanical Garden. The type locality is Red 
Mt., Mendocino Co., Calif. 

Cotyledon retusa (Rose) Fedde, Just’s Bot. Jahresbericht 31 (1) ; 827. 
1904. 

Cotyledon mendocinoana Fedde, ibid. Based on Gormania Eastwoodiae 
Britton. 

Sedum sanhedrimini Berger, Engl. & Prantl, Nat. Pflanzenfam., ed. 2, 
18a: 451. 1930. 

Sedum Eastwoodiae Berger, loc. cit. 

Rootstocks rather stout, bearing many rosettes closely crowded and form- 
ing a dense mat ; leaves obovate to spatulate, retuse or obtuse, blue-green, 
glaucous, 2.5 cm. long, or less, thinner than in the other subspecies; floral 
stems 10-15 cm. tall ; inflorescence congested, about 6 cm. long; sepals ovate, 
acute, 3 mm. long ; corolla pink or red, 6-7 mm. long, with the petals con- 
nivent for one-fourth to one-third their length. 

Range of ssp. retusum is in Lake and Mendocino Counties in the Pacific 
Border Province of northern California. Besides the type and other collec- 
tions from the original locality, I have seen specimens from Buck Rock 
Ridge, Mendocino Co., Calif., Mrs. E. 0. Murphey (CAS). 

A plant from Mendocino Co., Calif., no. 28. 3 in University of California 
gardens, sent by Professor T. H. Goodspeed and cultivated at Ithaca, New 
York, has a 2n number of 30. In the small rosette-leaves and flowers, this 
seems near to S. ohtusatum, but in that species the corolla is yellow and the 
inflorescence is not so dense, also the leaves are not retuse. 

Specimens from Klamath, Humboldt Co., Calif. (DS 9854), are inter- 
mediate between ssp. retusum and perplexum, and in their taller stems, tend 
towards ssp. typicxim. 

4*^. Sedum laxum ssp. heckneri (Peck) Clausen, comb. nov. 

Sedum Heckneri M. E. Peck, Proc. Biol. Soc. Wash. 60: 121. 1937. 
Type seen in the herbarium of Willamette University, Salem, Oregon. This 
was collected on a dry cliff along the Middle Fork of the Applegate River 
four miles above the mouth of CJarberry Creek, Jackson County, Oregon, 
June 26, 1931, M. E. Peck, no, 16421. 

Plant glaucous ; rootstocks stout, freely branched ; leaves of the rosettes 
minutely crenulate, spatulate or obovate — spatulate, truncate to emarginate 
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at apex, 1-2.5 cm. long; flowering stems 1-2 dm. high, stout, very leafy, 
with the leaves orbicular to broadly oblong, 0.5-2 cm. long, strongly cordate 
clasping, spreading at base and curved upward; inflorescence a somewhat 
globose cluster, 2-4 cm. long and 3-5 cm. wide ; calyx 2-4 mm. long, parted 
nearly to the base, with the lobes ovate, acute or subacute ; petals pink, erect, 
8-10 mm. long, oblong-lanceolate, obtuse or acute, connivent i their length 
or sometimes quite free to base ; stamens 6-8 mm. long ; carpels 8 mm. long ; 
styles divergent. 

The distribution is in the Pacific Border Province, in northwestern Cali- 
fornia and southwestern Oregon, where it occurs on dry cliffs, rocky talus 
and rocky crests. 

Specimens seen\ Highest altitude — 4590 ft., Horse Mountain, Humboldt 
Co., Calif., Doris K, Kildale 2167 (DS) ; lowest altitude — near sea-level, 
Rogue River at Gold Beach, Curry Co., Ore., Doris K. Kildale Q162 in part 
(DS) ; northernmost and westernmost — Kildale 6162; easternmost — 4 miles 
east of Fork of Salmon, Siskiyou Co., Calif., Alice Eastwood and J, T, 
Howell 5056 (CAS) ; southernmost — Kildale 2167 ; oldest — June 9, 1926, 
Kildale 2167. Number of collections seen — 7. 

Flowering time is June to July. No information is available regarding 
the cytology and breeding relationships of this subspecies. It is nearest to 
ssp. perplexum, from which it differs primarily in the shape of the cauline 
leaves. From ssp. typicum it differs in the cauline leaves as well as in the 
size and form of the inflorescence. 

SUMMARY 

Oormania is redefined as a subgenus of Sedum comprising three sections : 
Eugormania, Rosulata and Oreganica. The last is described as a new section. 
Engormania includes four species. Nomenclatorial innovations are Sedum 
obtusatum ssp. boreale, 8 . laxum ssp. perplexurn, 8 ^ 1 . ssp. lati folium, 8 . 1 . 
ssp. retusum and 8 , 1 . ssp. heckneri. 

Bailey Hortorium and Department of Botany, Cornell University 
Ithaca, New York 
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Note : — Since the above was written, Mr. Reid V. Moran has brought to 
my attention the binomial 8edum glanduliferum Gussone, published in 1827. 
This name is an earlier homonym of S. glanduliferum (Henderson) M. E. 
Peck. Accordingly 1 take pleaspre in renaming as Sedum moranii Clausen 
nom. nov. the species based on Cotyledon glandulifera L. F. Henderson, 
Rhodora 32 ; 26. 1930. 
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CHROMOSOME STUDIES IN SEDUM, SUBGENUS GORMANIA, 
SECTION EUGORMANIA 

Lillian Hollingshead 

The chromosomes described in this report were studied for Dr. R. T. 
Clausen to help him in classifying? the plants in question, and his conclusions 
are reported in a paper in this issue of the Bulletin (Clausen 1942). 

Root tips were fixed in chrom-acetic-formalin and imbedded according 
to Randolph (1935). Sections were cut 8 p in thickness and stained with 
crystal violet. The drawings were made with the help of a camera lucida 
and are reproduced at a magnification of approximately 3500 diameters. 

The species and subspecies represented, and the number of plants ex- 
amined are given in table 1. Chromosome numbers in S. spathulifolium are 
included for comparison, though it belongs to another section of the sub- 
genus (Clausen 1942). 


TABLE 1 

Chromosome numbers in Sedum, subgenus Gormania 


Species 

Subspecies 

Number of 
plants 

Chromosome number 

2n 

n 

S, obtusatum 

typicum 

2 

30 


S. obtusatum 

typicum 

1 


15 

S. obtusatum 

boreale 

1 

30 


8. glanduliferum 


2 

30 


S. oregonense 


3 

90 ± 


S, laxum 

perplexum 

1 

30 


8, laxum 

typicum 

2 

30 


8, laxum* 


1 

30 


8. laxum* 


1 

30 


8, laxum 

latifolium 

2 

30 


8. laxum 

retusum 

1 

30 


8, spathulifolium 


3 

30 



* Intermediates between perplexum and typicum. 

The diploid number is 30 throughout excepting 8, oregonense in which 
the three plants examined have about 90 chromosomes. These plants are, 
therefore, hexaploid in relation to the other species. 

The chromosomes in all species are very small, and ifi late prophase and 
at metaphase appear roughly circular or elliptical in cross seetiw (figs. 
1-5). There is no consistent visible evidence of the two-armed structure, 
typical of mitotic chromosomes in general, and which has been .found char- 
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acteristic of Sedum, even in those species which have the smallest chromo- 
somes (Baldwin 1935, 1936, 1937, 1939, 1940). Moreover one plant of 8, 
debile which Britton included in Oormania (Clausen 1942) has much larger 
markedly two-armed chromosomes quite different from those of Oormania. 
Dr. Clausen includes it with 8. divergens which preliminary studies show 
has about 16 diploid two-armed chromosomes. 









••jl* 

5 


Fio. 1. S. ohtusatum typicum, (a). Mitotic metaphase (2w = 30). (b). Meiotic meta- 
phase (n = 15). Fio. 2. S, glandulif erum (2n=:30). Fig. 3. S. oregonenae (27i = 90±). 
Fig. 4. 8. laxum typicum (2n = 30). Fig. 5. 8. spathuUfolivm (2n = 30). 


As metaphase proceeds, each chromosome divides into two daughter 
chromosomes roughly spherical in shape and they move apart to the poles, 
in appearance very much like tiny meiotic chromosomes. The constricted 
appearance of some chromosomes in the figures represents in each case the 
polar view of a dividing chromosome in which one daughter lies slightly to 
one side of the other. 

The outlines are not so clear as the black and white figures indicate, but 
in each plant recorded metaphases were found in which the chromosomes 
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were well separated and readily countable, except in the ease of those with 
90 odd chromosomes which are not quite so clear. 

There are apparent size differences among the chromosomes in one plant, 
which may be due in part to differences in orientation. No particular chro- 
mosomes could be identified. Neither could the complexes of the 30-chromo- 
some species be distinguished from one another. Metaphases can be found 
in which the chromosomes appear to be larger than others of the same spe- 
cies. This can arise from the fact that early metaphase chromosomes appear 
larger than they do at late metaphase. As metaphase proceeds and each 
chromosome prepares to divide, it becomes oriented with the axis of division 
strictly toward the poles and the upper small daughter chromosome wholly 
obscures the one below, whereas earlier the orientation may be such as to 
show parts of both daughter chromosomes. 

The one plant {8. obtusatum) examined at meiosis had the expected 15 
pairs of chromosomes (fig. lb). 

Baldwin (1939), who has made numerous studies in Crassulaceae, has 
found this family very diverse karyologically, but nevertheless within re- 
stricted groups, chromosome size is fairly uniform. The study here reported 
supports his conclusions, for the chromosomes throughout the group have a 
characteristic form and size. It further illustrates the value of a cytotaxo- 
nomic approach to an understanding of the family. 
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NEW AND UNUSUAL CORTINARII FROM MICHIGAN, 
WITH A KEY TO THE NORTH AMERICAN SPECIES 
OF SUBGENUS BULBOPODIUM^ 

Alexander H. Smith 

During the last part of August and the first week in September of 1940, 
southeastern Michigan received an exceptionally heavy rainfall. As a result, 
agarics fruited prolifically during September even though the weather dur- 
ing the remainder of the month was no wetter than usual. The most con- 
spicuous element in the agaric flora was the numerous species of the genus 
Cortinarius, On no previous occasion, either in the Olympic Mountains of 
Washington or along the northern coast of California where I (7) had found 
Cortinarii most abundantly, have I seen so many species or such large quan- 
tities of material as appeared around Ann Arbor early in the fall of 1940. 
There were relatively few members of the subgenera Myxacium, Inoloma, 
and Dermocybe, but this lack was more than offset by BtilbopocHnm^ Phleg- 
macium, Telamonia, and Hydrocybe, Nearly all the Cortinarii fruited 
within the space of two weeks, so that it was possible to study only a limited 
number. In the following account particular emphasis has been given to 
Bulbopodium, a subgenus to which I have paid special attention for the past 
seven years. In the other subgenera only those species with some outstand- 
ing macroscopic character have been included. By limiting myself to such 
species, the descriptions of the earlier mycologists, who did not study micro- 
scopic characters, can be used to some advantage. 

discussion of and key to the north AMERICAN SPECIES OP Bl^LBOPODIITM 

Since particular attention was paid to the species of Bulbopodium, I have 
given, in the following account, a list of all the members of that subgenus 
which I collected during the fall of 1940, a list of the additional species 
which at one time or another I have seen in the fresh condition, and also a 
list of those recognized from North America by Kauffman (3), but of which 
I have not seen fresh material. As a summary, a revised key to the known 
North American species is included. Because of lack of space, descriptions 
are given only for the new species or in cases of revised concepts. Descriptive 
accounts of the others are to be found in Kauffman (3) and in Smith (7). 
Murriirs (6) new species of Cortinarius are not included. Of those appar- 
ently belonging to Bulbopodium, C, subfnlmineus keys out to C. fulgens 
and may possibly be that species. C. subglaucoptis is undeterminable because 
he has not given the color of the young gills. 

1 papers from the University of Michigan Herbarium. 
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The following: is the list of species collected in the vicinity of Ann Arbor 
during the fall of 1940: C. aggregatus, C. albidus^ C, amnicola, C. arenicola, 
C. Atkinsonianus, C, Bouderi, C. caesiocyaneus, C. calyptrodermus, C. citrinU 
pedeSf C* corrugatus, C, elegant ioides, C, fulmineus var. sulphureus, C. 
michiganensisy C. jmrpnreophyllus, C. olivaceostramineusy C, squalidus, C, 
suhsolitariusy and C. virentophyllns. 

In addition to the eighteen listed above, I have previously seen material 
of C. arquatiiSy C. calochrouSy C, calyptratnsy C. cedretoruniy 0. glaucopus, C, 
herpeticusy C, intrusus, C. metarius, C, montanus, C. midtiformisy C, oc- 
cidentalisy C. olympianusy C. orichalceus, C. ParksianuSy C, prasinusy C. pur- 
purascensy C. scaurus, C, suhpnrpurascemy C. subpurpnreophyllusy C. veli- 
copiay C. volvatus. 

Of those included by Kauffman (3) in his monograph, I have not seen 
fresh specimens of C. caerulescensy C. spliaerospermay C. lilacinopesy C. glau- 
copoideSy C, citrinelluSy C. fulgenSy C. elegantioVy C. rubenSy and C, sub- 
lateriiius. C. fulgens and C. elegantior are included in this last group sim- 
ply because my collections have not checked well with existing descriptions, 
and T have no clear species-concepts of them based upon fresh material. 

Of the thirty-four Bulbopodia recognized for North America by Kauff- 
man, I have seen twenty-five in the fresh condition. Fourteen additional 
species have been added bringing the total number recognized for the con- 
tinent up to forty-eight. In the descriptive text, all color terms within quota- 
tion marks are taken from Ridgway, Color Standards and Color Nomen- 
clature y Washington, D. C., 1912. Collections cited by number have been 
desposited in the University of Michigan Herbarium. 

Eevised Key to the North American Species or Bulbopodium 

1. Lamellae (and at least the apex of the stipe) at first violet purplish, blue or shades 
of these colors. (C. Atkinsonianus and C. cedretoritm with yellowish gills are included 
here, as is C, arenicola with pallid gills) 2. 

1. Lamellae at first green, olivaceous, smoky or assuming shades of these colors (context 
and young lamellae may be slightly violaceous or blue at first in C, montanus, C, 
scauTus and C, herpeiicus) 30. 

1. Lamellae yellow, fulvous, cinnamon reddish or dull rusty brown when young 35. 

1. Lamellae white or pallid at first 42. 

Lamellae at first violaceous, lilac or purplish 

2. Lamellae turning purplish when bruised 3. 

2. Lamellae not turning purplish when bruised 6. 

3. Stipe stuffed to hollow; context not turning purplish; pileus yellow-ochraeeous 

tawny C, snbpurpuraseens, 

3. Stipe solid, context turning purplish when bruised 4. 

4. Spores spheroid, 7-8 x 6-7.5 g; pileus violet-purple C. sphoerosperma. 

4. Spores ellipsoid : 5. 

5, Pileus blue when young, fading to gray in age C, occidentalism 
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Pileus umber-purplish, soon streaked with clay-color or dark reddish brown. 

C. piirpiiraHcenft. 

Spores averaging more than 10 \i long 7. 

Spores not more than 10 \i or rarely 11 |i long 20. 

Surface of pilous conspicuously corrugated C. corrugaUm. 

Surface of pileus smooth or slightly uneven 8. 

Pileus chiefly violet or purplish 9. 

Pileus if violet or purplish quickly changing to some other color 12. 

Universal veil ochraceous buff, stipe and pileus lutescent C. velicopia. 

Universal veil if present white ; pileus and stipe violaceous, hardly changing 10. 

Young gills faintly tinged pinkish, pileus and stipe pinkish lilac overall . .. C. arenicola. 

Young gills dark or pallid violet 11. 

Gills pallid to pale violet, pileus glabrous or slightly flbrillose C, caesiocyaneus. 

Gills dark violet, pileus decorated with white felt-like masses of universal veil tissue*' 

C, calyptrodermus, 

Pileus normally 4-6 (7) cm. broad 13. 

Pileus normally 6-12 cm. broad 17. 

Lamellae broad, violet amethyst ; pileus soon yellow, bulb white, spores 12-14 x 6-7 ji. 

C. caerulescens. 

Not as above 14. 

Stipe 8-16 cm. long, 10-15 mm. thick, pileus dark reddish brown. 

C. suhpurpurcophyllus. 

Stipe shorter, pileus yellow 15. 

Universal veil brilliant orange, stipe pinkish lilac above, bright yellow below both 

inside and out C. amnicola. 

Universal veil at most merely pale yellowish 16. 

Spores 9-12 (13) x 5-6 p, C. metarius. 

Spores 11-14 (15) x 6-8 \i C. arquatm. 

Spores averaging more than 12 p, long, surface of pileus yellow 18. 

Spores 10-12 (13) p long, pileus variously colored 19. 

Context pale incarnate, stipe white downwards, without evident universal veil. 

C, lilacinopes. 

Context deep violet, pileus and universal veil bright olive yellow. .. .. C. Atkinsonianus. 

Pileus dull purplish umber when young C, Parksianus. 

Pilous tawny-reddish when young, gills bright lavender C. purpureophyllus, 

Pileus olive-buff when young, somewhat testaceous in age, gills rather dark grayish 

lavender C. Boudieri. 

Pileus bright yellow, becoming dark red at maturity, lamellae yellow at first. 

C. cedretorum. 

Pileus 3-7 cm. broad (occasionally larger) 21. 

Pileus 6-12 cm. or more broad 27. 

Pileus covered by a white felt -like mass of universal veil tissue at least over the disc, 

flesh pallid brownish, surface violet C. calyptratua, 

Pileus glabrous or flbrillose streaked, if with universal veil remnants the latter not 

becoming white 23 . 

Disc of pileus bright yellow or streaked with greenish yellow due to greenish yellow 

veil remnants 23. 

Pileus differently colored, usually violet to whitish 24. 

Pileus glabrous, bright yellow C. calochrous. 

Pileus olivaceous yellow to sordid yellow over the disc, dark purplish brown toward 

the margin C, oitrinipedes. 

Usually densely gregarious or cespitose 26. 

Usually solitary or scattered, occasionally 2 or 3 in a cluster 26. 

Universal veil greenish yellow C. oitrinipedes. 
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25. Universal veil lacking, cortina dark violet, pileus gills and stipe dark violet and 


hardly fading C. suhsolitarius. 

25. Universal veil copious and white, pileus becoming whitish C. volvatus, 

25. Gills pinkish lilac, universal veil inconspicuous (7. olympianus, 

26. Gills pinkish lilac, retaining a lilac tinge C, olympianus, 

26. Gills violet-purple at first, soon pale purplish gray C. aggregatus, 

27. Bulb large and prominently depressed, plant pale violaceous C. michiganensis. 

27. Bulb relatively small, lamellae rather broad 28. 

28. Context, pileus and stipe at first violet-purple, pileus at length smoky olive-gray. 

C. aggregatus, 

28. Context whitish, at length lutescent 29. 

29. Pileus pale-orangc-yellow, not streaked C, glaucopoides, 

29. Pileus slate gray, fulvous-streaked, often greenish when young or greenish gray. 

C, glaucopus. 


Lamellae at first green or olivaceous or soon becoming so 

30. Context and young lamellae at the very first tinged with violet, blue or purplish but 
lamellae very soon olivaceous 31. 

30. Context and gills not as above 33. 

31. Spores 9-11 (12) x 5.5-6.5 n, pileus variegated with brown, tawny and slight oli- 
vaceous hues C. montanus, 

31. Spores 8-9.5 x 5-6 p,; pileus Dresden-brown to tawny 32. 

32. Bulb yellow from universal veil ; stipe 6-10 mm. thick, lamellae narrow C, scaurus, 

32. Bulb white or whitish; stipe 10-20 mm. thick, lamellae broader than the preceding. 

C, herpeticus, 

33. Stipe bluish, pileus and gills green C, virentophyllus, 

33. Stipe not bluish 34. 

34. Disc of cap spotted dark vinaceous red or becoming reddish over all C, orichalceus, 

34. Pileus remaining dark olive-color in age or when dried C, prasinus. 

Lamellae at first yellow, fulvous, cinnamon reddish or dull brown 
(But see C. Atkinsonianus & C, cedretorum under 2 in this key.) 


35. Growing in greenhouses C. intrusus, 

35. Growing in the woods 36. 

36. Spores not more than 10 p long 37. 

36. Spores averaging more than 10 p long 38. 


37. Spores ellipsoid, pileus and stipe sulphur yellow; arising from a yellow mycelium. 

C. fulmineus var. sulphureus, 

37. Spores subglobose, 8-9 x 6-8 p, pileus at first buff -citrine, then clay-colored. 


C. citrinellus, 

37. Spores ellipsoid, gills dull brown, pileus dark brown in age C, squallidus, 

38. Taste of context decidedly bitter; pileus and universal veil yellow; spores 15-18 

(20) X 7-9 p C. elegantoides, 

38. Taste not bitter 39. 

39. Pileus corrugated, tawny to yellowish C, corrugatus, 

39. Pileus not corrugated 40. 

40. Spores more than 12 p long 41. 

40. Spores 9-12 p; pileus bright orange (C. cedretorum may key out here also, cap 

yellow, flesh lilac) C.fulgens, 

41. Pileus yellow, spores 12-15 p long C. elegantior. 

41. Pileus dull red to orange-tawny ; spores 15-18 x 7-8.5 p C, rubens. 

Lamellae pallid at first , 

42. Pileus pale olivaceo-stramineus, stipe soft, becoming hollow C, olivaceostramineus. 
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42. Pileus without olive tints 43, 

43. Spores not more than 9 p. long; pileus white-hoary, lutescent to rusty orange. 

C. multiformis, 

43. Spores more than 9 p long 44. 

44. Pileus lilac, becoming brownish, gills pallid or with a slight pinkish tinge. 

C, arenicola, 

44. Pileus and stipe white C. albidus, 

44. Pileus yellowish, brownish or red at first 45. 

45. Pileus light red, pellicle not bitter C. suhlateritius. 

45. Pileus yellowish, pellicle bitter C, aleruiosmus.^ 


NEW OR REDESCRIBED BULBOPODIA 

Cortinarius amnicola Smith, sp. nov. Pileus 4.5-7 cm. latus, coiivexus 
demum planus, viscidus, laete luteus et aurantio-virgatus ; lamellae lilacinal, 
confertae, angustae; stipes 4-7 cm. longus, 8-12 mm. crassus, marginato- 
bulbosus, solidus, deorsum laete luteus, sursum lilacinus; sporae 10-12 x 
6-7 |j. 

Pileus 4.5-7 cm. broad, broadly convex to subhemispheric when young, 
becoming plane, viscid, appearing as if streaked with agglutinated fibrils, 
color evenly “capucine yellow” or with ‘‘Mikado orange” streaks (very 
brilliant yellow, often streaked with orange-yellow), veil remnants sparse 
and merely scattered along the margin; fiesh pallid in the pileus, “pale 
vinaceous lilac” in the upper part of the stipe, odor faintly fragrant, taste 
mild in all parts; lamellae “pale vinaceous lilac” (pale lilac) at first, slowly 
changing to “vinaceous fawn” (pale lilac-brown), sometimes “vinaceous 
lavender” (dull lilac) in partly expanded pilei, moderately close, deeply 
adnexed, narrow (5 mm. ±:), moderately close, edges even; stipe 4-7 cm. 
long, 8-12 mm. thick, solid but becoming spongy in the bulb in age, bulb up 
to 2 cm. broad and depressed-marginate, surface “pale vinaceous lilac” 
toward the apex, bright yellow both inside and out toward the base, silky 
from the veil remnants, fragments of universal veil adhering to the margin 
of the bulb and nearly “Mikado orange” in color, base of bulb and mycelium 
“citron-yellow,” cortina scanty and very pale yellowish; spores 10-12 x 
6-7 n, tuberculate-roughened, pale russet in KOH, narrowly amygdaloid ; 
basidia four-spored; cheilocystidia and pleurocystidia not differentiated; 
pileus-trama with^a thick gelatinous pellicle made up of narrow (2-4 p) 
contorted hyphae with dull lilac contents when mounted in KOH, contents 
rusty brown in chloral hydrate and iodine. 

Scattered on humus under butternut, walnut, and basswood on low 
ground along streams, Ann Arbor, Sept. 11 {A. H, Smith 15308), and Sept. 
15, 1940 (.4. H, Smith 15381 — type). 

The pilei of this species assume a dark vinaceous red color (“ocher-red”, 
when dried in contrast to the bright or pale yellow of dried pilei of C. calo- 
chrous. The brilliant colors of the stipe, if preserved by careful drying, fade 
in short time, and in herbarium specimens soon become a dull grayish-oliva- 
ceous hue. C. amnicola is distinct from C. calochrous as the latter is known 

2 Cortinarius aleuriosmvs sensu Kauffman is here keyed out as C. Boudieri; the true 
C. aleuriosmus is not yet known from North America. 
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in the United States, by the color chancre which takes place as specimens are 
dried, by its larg^er spores and persistent lilac color in the apex of the stipe. 
My concept of C, calochrous is based on Kauffman ^s (3) account and on ma- 
terial which corresponds to it which I have collected both in Michigan and 
along the west coast. Lange’s (5) concept and that of Kauffman agree closely 
and certainly apply to the same species. Henry (1) on the other hand has 
described a species practically identical with C, amnicola under the name 
C. calochrous, I have no information on the colors assumed in drying by the 
pilei of his specimens, so no comparison can be made on that point. Since 
Fries and most European workers after him have not placed a fungus with 
persistent lilac colors in the apex of the stipe in C. calochrous, I have de- 
scribed my collections as a different species. A sharp difference in spore-size 
has been observed between the local collections of C, amnicola and C. calo- 
chrous. This difference is not so apparent when one examines the descriptions 
of the latter, however. The spores of C. calochrous are generally given as 
10-11 [i long by European authors. Kauffman (3) stated that they seldom 
measured 10 p long. In my western specimens they measure 8-10.5 p, are 
very pale brown in KOH and only slightly roughened. However, when com- 
pared under the microscope, the spores of C. amnicola are larger, darker, 
more tuberculate and more amygdaloid in shape. These differences appear 
to me to be taxonomically significant. 

Cortinarius arenicola Smith, sp. nov. Pileus 3-5 cm. latus, convexus 
demuni subplanus, viscidus, lilaceus demum sordide lilaceus vel brunneo- 
maculatus; caro albida; lamellae pallidae demum sordide incarnato-brun- 
neae; stipes 3-5 cm. longus, 8-10 mm. crassus, marginato-bulbosus, lilaceus; 
sporae 9-11 (12) x 5.5-6.5 p. 

Pileus 3-5 cm. broad, convex, becoming plane or the disc flattened and 
the sides arched, viscid, ‘‘vinaceous lilac” over all at first, fading slowly to 
‘‘pale vinaceous lilac” or pallid in spots where covered by leaves, margin 
inrolled and delicately white fibrillose from the pallid cortina, sometimes 
with .small spot-like scales over the disc, old pilei occasionally developing 
sordid brownish spots ; flesh white or faintly lilac ju.st beneath the cuticle, 
no color change when bruised, odor none, taste mild; lamellae close, moder- 
ately broad (5 mm. ±), sharply and deeply adnexed, 2-3 tiers of short indi- 
viduals, color in button stages “pale vinaceous fawn” (pallid), soon sordid 
brownish, at maturity near “ f awm-color, ” edges whitish and serrulate to 
eroded ; stipe 3-5 cm. long, 8-10 mm. thick, equal above a small depressed- 
marginate bulb, solid, flesh lilac near the periphery, whitish in the center, 
surface evenly “vinaceous lilac” over all, base of bulb paler lilac to whitish, 
cortina white'and causing the surface of the stipe to appear whitish in young 
stages; spores 9-11 (12) x5.5-6.5p, amygdaloid, dark rusty brown, under 
the microscope in KOH, tuberculate ; basidia four-spored ; cheilocystidia and 
pleurocystidia not differentiated ; pileus with a gelatinous pellicle^ the hyphae 
4-5 |j thick and yellowish cinnamon in KOH. 

Singly under sassafras, in a dry sandy open woods, Waterloo Project, 
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Waterloo, Sept. 12, 1940 (A. H, Smith 15315 — type) . Known only from the 
one locality. 

The outstanding characters of C. arenicola are the rosy-lilac colors of 
pileus and stipe, the pallid gills, the very small but depressed-marginate 
bulb, and spores. C. olympmnus can be readily distinguished when fresh by 
the pale bright lilac color of the young gills and (*learer color of the pileus. 
Its pilei dry whitish instead of lilac-brown as in C. arenicola. The diiferen(‘e 
in habitat, of course, is striking but in my estimation is not taxoiiomically 
significant. 

C. arenicola is distinct from C. caenilescens in its pallid gills which be- 
come vinaceous brown fawn-color’’) as they mature. The colors of"* the 
pileus and stipe also differ from those generally attributed to C. caerulescens, 
C. olympianus and C. caerulescens have the same appearance when dried but 
differ sharply in spore size. Specimens of C. arenicola dry differently from 
either of these two and have spores intermediate in size. C. Dionysae has the 
same stature as C. arenicola and the same sized spores but differs in the color 
of the gills and in having a distinctive odor. C. sodagnitus has larger spores 
and lilac gills which are apparently similar in color to those of C. caloehrous, 
C. nemorosus sensu Henry has larger spores, 13-14 x 6.5-7 p, and C. di- 
baphns sensu Henry has lilac gills and larger spores. 

CORTINARIUS Boudieri Henry. Pileus 5-13 cm. broad, broadly convex to 
nearly plane when young, the margin strongly inrolled, sometimes becoming 
plane, sometimes with a low obtuse umbo, occasionally the margin becoming 
wavy but frequently remaining decurved and inrolled, surface viscid to 
glutinous, the margin often streaked with the fibrillose remains of the veil, 
the disc often developing spot-like scales, otherwise glabrous, evenly colored, 
near “pale olive-buff” or pale grayish buff over all when young (colors not 
matching well in Ridgway), with a tinge of lilac pervading, soon developing 
vinaceous brown colors either on the disc or along the margin or over all, 
color then more or less “vinaceous buff” or “avellaneous” but tending to- 
ward “fawn-color” (colors very sordid pale vinaceous tawny to avellaneous, 
no good match in R.), spot-like scales sometimes darker ; flesh thick and firm, 
“pale brownish drab” (sordid brownish lilac), sometimes faintly yellowish 
near the apex of the stipe, becoming paler but retaining a lilac-brown tinge, 
odor none, taste mild, no color change when cut or bruised (sordid darker 
brown or yellowish around the wormholes) ; lamellae “pale vinaceous drab” 
to “light vinaceous drab” (dull purplish brown), changing very slowly^ to 
sordid pale cinnamon-brown or nearly “army-brown,” not staining when 
bruised, close, 2-3 tiers of short individuals, rather narrow, (8 mm. in a 
12 cm. cap), sharply adnexed, edges a bit eroded at times; stipe short, 2-4 
(7) cm. long, (10) 15-30 mm. thick above the broad (3-5 cm.), flat, niargi- 
nate but not depressed buftb, solid, flesh very firm and sordid watery lilac 
(very pale), soon lilac-buff or whitish (similar to that of the pileus), surface 
very silky and pale lilac, cortina whitish and not copious, bulb whitish and 
flattened on the underside, universal veil scanty, when well developed adher- 
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ing alonj? the margin of the bulb in inconspicuous patches, the margin of the 
bulb sometimes sordid yellowish as if stained ; spores 9-11 x 5-6 p, very rarely 
12 X 7 p ; subamygdaloid, dark rusty brown under the microscope, rather 
coarsely tuberculate; basidia four-spored, hyaline or slightly yellowish in 
KOH ; cheilocystidia and pleurocystidia not differentiated ; pileus-trama with 
a gelatinous pellicle of hyaline (in KOH) contorted hyphae 4r-6 p thick. 

Cespitose to gregarious in arcs under oak, hickory, basswood and sassa- 
fras, Ann Arbor, Sept. 13-17, 1940 (A. H, Smith 15338, 15330, 15393, 15332, 
15382), 

This species has the same stature as C. purpureophyllus and also ap- 
proaches the latter in color. The colors are consistently much paler and 
duller, however, and there is a slight difference in spore-size as well. Dried 
specimens of the two species can be very easily distinguished in the her- 
barium by the reaction of the hymenium to KOH. In C. purpureophyllus 
the basidia become bright pink, near “Rose Doree’’ whereas in C, Boudieri 
they remain hyaline or pale yellowish. Both species were found in the one 
locality and compared when fresh as well as after being dried. The reaction 
of the hymenium in KOH has, of course, been verified by a study of the type 
of C. purpureophyllus. 

The white flesh, farinaceous odor and bitter taste of the pellicle of the 
pileus distinguish C. aleuriosmus Maire. In addition, the colors of the pileus 
in C. Boudieri become much darker than those of C. aleuriosmus as described 
by Maire. Maire has given the name 0. Bicheuianus to the species Ricken 
placed under C. aleuriosmus. It appears to me, on the basis of the descrip- 
tions, that Ricken ’s concept of C. aleuriosmus and Boudier’s of C. multi- 
formis represent the same species for which the earliest name is C. Boudieri. 

Cortinarius calyptrodermus Smith, sp. nov. Figure 1. Pileus 5-10 cm. 
latus, convexus demum planus, viscidus, fragmentis volvae obtectus, laete 
caeruleus, demum pallide caeruleus; caro pallide lilacina vel subcaerulea; 
lamellae intense caeruleae ; stipes 5-9 cm. longus, 1-2.5 cm. crassus, margi- 
nato-bulbosus, pallide caeruleus demum albido-caeruleus ; sporae 10-12 x 

6-7 M. 

Pileus 5-10 cm. broad, convex to obtuse in button stages, broadly convex 
to plane in age, the margin streaked with agglutinated fibrils, whitish to pale 
lilac in button stages (the universal veil almost completely covering the 
young cap), the universal veil tissue becoming areolate-cracked and finally 
aggregated into matted fibrillose patches at least around and over the disc, 
the disc sometimes covered with a large felt-like calyptra, viscid beneath the 
remains of the veil or when the latter have been worn away, color “pale 
bluish lavender over all in button stages (owing to the colored u. veil), 
pileus “VanderpooPs violet'^ (deep violet) beneath the veil, becoming “light 
full bluish violet’^ over all at maturity, in age slowly becoming whitish or 
sordid brownish ; flesh pale lilac (like the u. veil) or brighter in the apex of 
the stipe and there colored like the surface of the pileus, finally becoming 
very pale lilac or whitish in both pileus and stipe, unchanging when bruised, 
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moderately thick and firm, odor and taste not distinctive; lamellae moder- 
ately close and broadly adnexed, “ Vanderpoors violet’^ when young, retain- 
ing this color very persistently and in age only tinged with brown, the edges 
decidedly eroded ; stipe 5-9 cm. long, 1-2.5 cm. thick above the broad margi- 
nate bulb, bulb 3-4 cm. broad, pale violet at first from the universal veil 
remnants, whitish in age, rounded below, violaceous within and later becom- 
ing white, concolorous with the gills above the bulb and beautifully decorated 
with the remnants of the violet cortina, solid, firm ; spores 10-12 x 6-7 p, 
subamygdaloid, dark tawny under the microscope in KOH, coarsely tubercu- 
late; basidia four-spored ; cheilocystidia and pleurocystidia not differentiated 
or the former merely slightly larger than the basidia but of the same shape ; 
pileus-trama homogeneous beneath a thin gelatinous pellicle, composed of 
hyphae 4r-7 p broad which have hyaline to pale vinaceous contents in KOH, 
at times with a rather strong vinaceous tint throughout the entire thickness 
of the pellicle. 

Gregarious in arcs in a low woods of second growth oak and basswood and 
various shrubs, Sharron Hollow, Sept. 14, 1940 {A. H. Smith 15356 — type). 
Known only from the one locality, but a wagon load of material could have 
been collected that day. It was the most abundant mushroom in the woods. 

One outstanding feature of this species is the mass of white mycelium 
which surrounds the base of the bulb. This mycelium penetrates through the 
humus and debris causing much of the latter to be held together in a manner 
similar to that of Tricholoma acerbum. The very well-developed universal 
veil is, of course, the most conspicuous feature of the fungus. Hundreds of 
arcs, each containing anywhere from ten to fifty fruiting bodies were ob- 
served on Sept. 14, and the veil was a very constant feature. The only other 
species in which I have observed such a character is C. calyptratus from 
California. The latter is distinguished both by its brownish flesh and smaller 
spores. C. praestans is also said to have a well developed veil which leaves 
patches of tissue over the pileus, but it does not belong in the subgenus 
Bulbopodium. I regard the extreme development of such a tissue in viscid 
Cortinarii as a secondary character lacking any particular phylogenetic 
significance but furnishing a valuable aid in recognizing the species. 

Henry (1) gives the spores of (7. caeruleseens as 10-13 x 6-7 p, and 
describes the bulb and surface of the pileus as becoming yellowish in age. 
I did not observe such color changes in my collection or in any of the material 
seen in the field at the time. It is very likely that this color change is a good 
character by which the two can be separated, but I have hesitated to empha- 
size it. The fruiting bodies of the various species collected along with C. 
calypirodermus had developed during about ten days of clear weather fol- 
lowing a period of very heavy^ rainfall. In all, the bright colors characteristic 
of the young stages, were unusually persistent in the maturing pilei. Since 
the change to yellow in G. caerulescens apparently develops as the specimens 
mature and age, this change may have been inhibited by the conditions pre- 
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Fig. 1 Corftnarius ealyptrodermub Smith, x 1. 
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vailing last September, and C, calyptrodermm may show it on subsequent 
collections. C, AtJcinsonianus was very abundant in the same locality and 
showed scarcely any change to reddish on the pilei of old specimens. Ordi- 
narily this change is very conspicuous. However, in drying, the specimens of 
the latter species did turn reddish. Those of C. calyptrodermus dried a dull 
blue and now appear very different from dried material of C, caerulescens. 

C, michiganensis is similar to C. calyptrodermus in stature but has 
smaller spores and generally a shorter stipe. 0. caesiocyaneus has much paler 
gills when young and a glabrous pileus in age. 

Cortinarius citrinipedes Smith, sp. nov. Figure 3. Pileus 4-7 cm. latqs, 
late convexus, demun planus, viscidus, sordide olivaceo- vel luteo-fibrillosus, 
glabrescens, obscure purpureo-brunneus demum subargillaceus ; caro obscure 
lilacina; lamellae obscure lilacinae demum argillaceae; stipes 4-6 cm. longus, 
1-2 cm. erassus, marginato-bulbosus, solidus, obscure lilacinus, argente 
fibrillosus; sporae 8-10 (11) x 4.5-5 jj ; mycelium olivaceo-luteum. 

Pileus 4-7 cm. broad, broadly convex with an inrolled margin, remaining 
broadly convex or expanding to nearly plane, the margin remaining inrolled 
for a long time, surface viscid, soon dry, buttons ‘^Isabella color (sordid 
greenish yellow) on the disc from the universal veil remnants, ^‘benzo- 
brown’^ (dark purplish brown) near the margin, sometimes with a pale 
pruina over all causing it to appear as though with a lilac-olivaceous sheen, 
in age becoming clay color on the disc or with a persistent greenish yellow 
cast, sometimes unicolorous and dark purplish brown (when the veil rem- 
nants have disappeared), inrolled margin more or less lilac-gray; flesh 
moderately thick, ‘‘dark lavender’’ (a dull fairly deep lavender) and slowly 
becoming whitish, not staining where bruised, odor and taste not distinctive ; 
lamellae “dark lavender” when young and slowly changing to “tawny- 
olive” (dull yellowish brown, never truly yellow), Wntly adnate and very 
narrow (4 mm. broad ±), crowded, edges even; stipe 4-6 cm. long, 1-2 cm. 
thick, with a marginate bulb 3-4 cm. broad, solid, flesh “dark lavender” but 
becoming whitish, surface pale silvery lilac from the copious lilac-white 
cortiiia, universal veil and mycelium around the base of the bulb “greenish 
yellow” (almost more greenish thaji yellow) and causing the base of the bulb 
to be bright greenish yellow in contrast to the other parts; spores 8-10 (11) 
X 4.5-5 p, about ochraceous tawny under the microscope in KOH, narrowly 
amygdaloid, slightly roughened; basidia four-spored; cheilocystidia not dif- 
ferentiated; pileus-trama with a thin gelatinous pellicle made up of con- 
torted hyphae 3-5 p thick. 

Gregarious on humus in oak woods, Ann Arbor, Sept. 11, (A, H. Smith 
15305 — type) ; Sharron Hollow, Sept. 14 (15358), and Ann Arbor, Sept. 16, 
1940 (15395). 

The sordid greenish yellow color on the disc of the pileus is caused by 
adhering remains of the greenish yellow universal veil. These do not form 
a tissue as in C. calyptrodermus y but rather become appressed and somewhat 
dispersed giving the disc of the pileus an appressed-fibrillose appearance and 
obscuring the true color. Beneath the veil-remnants the pileus is evenly 
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colored. When dried the pilei vary from olivaceous gray to lilac gray on the 
margin and dark rusty brown over the disc. In none were the colors as bright 
or as yellowish as in C. glaucopus. The dark, dull lavender flesh and also the 
lavender gills are very characteristic. The bright greenish yellow universal 
veil and mycelium is in decided contrast to the color of all other parts. These 
characters in addition to the small spores distinguish the species. 

C. velicopia Kauff. is very close to C. citrinipedes but is characterized by 
cheilocystidia, paler bluish colors instead of lavender, and a tendency for 
the pileus to become yellowish. There is also a slight but appreciable differ- 
ence in spore size when spores of both are compared under the microscope, 
and a distinct difference in the color of their universal veils. 

Cortinarius squalidus Smith, sp. nov. Figure 4. Pileus 3-6 (8) cm. latus, 
eonvexus, demum planus, viscidus, subcanus demum glaber, pallide cinna- 
momeus demum obscure brunneus; lamellae pallide brunneae nunquam 
albidae, demum obscure brunneae ; stipes 3-5 cm. longus, 10-15 mm. crassus, 
solidus, bulbosus, sericeo-fibrillosus et pallidus; sporae 7-9 x4-5 jj. 

Pileus 3-6 (8) cm. broad, convex, obtuse in age, the margin incurved or 
bent in slightly and usually remaining decurved, at first furnished with in- 
conspi(;uous patches of white fibrils from the universal veil (especially near 
the margin )» at times faintly canescent over all, usually variously streaked 
or with irregular watery spots, viscid, color ‘‘ cinnamon over all but becom- 
ing a dark, dull brown (nearly '‘cinnamon-brown’’) ; flesh moderately thick 
and brittle, "pale pinkish buff,” watery and darker (near "cinnamon- 
buff”) in the stipe, odor and taste mild ; lamellae very pale dull brown when 
very young (definitely not white), almost concolorous with the pileus in age, 
adnexed, close but distinct, moderately broad (5-6 mm. zb), edges nearly 
even; stipe 3-5 cm. long, 10-15 mm. thick, equal above the flanged basal 
oblique bulb, solid, pallid within, exterior whitish and silky overall, cortina 
white and scanty, universal veil scanty, bulb 2 cm. zb broad and pointed 
below; spores ellipsoid, slightly roughened or practically smooth, sordid 
ochraceoiis tawny under the microscope in KOH, 7-9 x 4-5 ^ ; basidia four- 
spored ; cheilocystidia and pleurocystidia not differentiated ; pileus-trama 
with a distinct but thin gelatinous pellicle, the hyphae 3-5 g thick and 
hyaline, the floccose tissue immediately beneath the pellicle made up of 
hyphae with pale cinnamon-browui contents, the remainder of the flesh 
hyaline. 

In arcs or clumps in an oak-hickory woods, Ann Arbor, Sept. 15 (A. H. 
Smith type) ; Sept. 16 {15411, 15399 ) ; and Sept. 28, 1940 (15546). 

Cortinarius squalidus is very similar in its characters to C. allutus Sec. 
sensu Lange, but from the available information cannot be referred to it. 
Henry has divided that species into two varieties, var. lutea and var. rufes- 
cens. C. squalidus is never bright yellow in any part so it cannot be referred 
to the former, and it does not become reddish in age or when dried so it 
cannot be referred to var. rufescens. C, squalidus, as its name indicates, is 
a very dull brown fungus presenting a rather sordid appearance in all except 
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the button stap:es. (7. nappiin as described by Henry (1) is apparently close 
but has spores 9-12 x 5.5-6 p and is generally a more robust species. In 
addition, its colors tend to be yellow or yellowish in places. 

Cortinarius subsolitarius Smith, sp. nov. Figure 2. Pileus 4-6 (10) cm. 
latus, obtusus, demum subumbonatus vel planus, glaber, virgatus, obscure 
violaceus, demum subolivaceo-violaceus ; lamellae obscure violaceae demum 
brunneo-tinctae, angustae, adnatae ; stipes 3-5 cm. longus, 10-15 mm. cras- 
sus, obsolete bulbosus, obscure violaceus; sporae 7-9 x 4 p. 

Pileus 4-6 (10) cm. broad, obtuse, becoming obtusely umbonate to nearly 
plane, the margin remaining incurved for a long time, surface viscid, gla- 
brous but conspicuously streaked or blotched or with irregular watery spots, 
occasionally with fibrils along the margin, color “dull bluish violet (2) the 
watery streaks darker (very dark violet), sometimes “dark dull bluish violet 
(2),’^ developing a distinct greenish gray tinge in age and fading only 
slightly, sometimes yellowish on the disc in extreme age; flesh thin, “pale 
campanula-blue’’ but becoming more greenish blue in age, “dark dull 
bluish violet” and watery punctate in the stipe, concolorous with the pileus 
in age, taste mild, odor faint and earthy, no color changes noted on bruised 
portions; lamellae “dark dull bluish violet (2)” and remaining so a long 
time, in unopened buttons “dusky blue-violet,” in age merely tinged cinna- 
mon-brown from the spores, close, adnate but tending to become adnexed, 
narrow to moderately broad, edges crenulate; stipe 3-5 cm. long, 10-12 mm. 
thick at the apex, up to 20 mm. at the base, solid, bulb marginate at very 
first but stipe soon merely clavate and hardly flanged at the base, concolor- 
ous with the gills and silky, cortina at first “dark dull bluish violet” fading 
only slightly ; spores 7-9 x 4 p, subamygdaloid, rusty brown under the micro- 
scope in KOII; basidia four-spored; cheilocystidia scattered, cylindric, 
hyaline, 28-39 x 4-6 n; pleurocystidia not differentiated; gill-trama pale 
sordid vinaceous in KOII, especially near the gill-edges; pileus-trama homo- 
geneous beneath a gelatinous pellicle, the hyphae of the pellicde pale yellow- 
ish in KOH, a region of yellowish brown floccose tissue immediately beneath 
the pellicle. 

Scattered to gregarious on humus in oak-hickory woods, Ann Arbor, 
Sept. 11 (A. H. Smith 15307), Sept. 16 {A. H, Smith 15377 — type), and 
Sept. 16, 1940 {15400), 

I have collected occasional specimens of this species in the vicinity of 
Ann Arbor for the past ten years and referred them doubtfully to C, aggre- 
gahis Kauff. because of the small spores. During September, 1940, both C, 
suhsoUtarius and C. aggregaius were found, the latter very abundantly, and 
a comparison of fresh specimens was made. The outstanding single feature 
of C, subsolitarius is the very deep, heavy violaceous persistent color of all 
its parts. As the fruiting bodies age, a greenish cast develops but the color 
in general does not become appreciably lighter. In a few old pilei yellowish 
spots developed on the disc and the flesh was yellowish around the worm- 
holes. The bulb is very small and soon obsolete, being about as ijiconspicuous 
as that of C, corrugatus, C, aggregatus fades to a much paler color, has a 
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larger bulb and occurs in great quantities. In all of the specimens of C. 
aggregatus which I have seen, the colors of young individuals were paler 
than those of C, subsolitarius, C. glaucopus and its forms have the small 
spores but lack the uniform dark violet shades and show a very decided 
change of color from youth to old age. All the C. glaucopus which I have 
collected dried a greenish to rusty yellow over the pileus. Specimens of C, 
suhsoliiarius dry either dull violet or dull violaceous brown. 

NEW OR REDESCRIBED SPECIES OP PHLEGM AGIUM 

CoRTiNARius CLARICOLOR Fr. seusu Rickeu. ? Pileus 5-9 cm. broad, convex 
to obtusely umbonate, nearly plane in age, the margin often remaining 
slightly decurved, sometimes repand and wavy or scalloped, surface gla- 
brous and viscid, at times decorated with scattered fibrils along the margin, 
color “ochraceous tawny (yellowish brown) over the disc and 'Svarm- 
butf’’ (very pale buff-yellow) along the margin, sometimes with a canescent 
appearance as in Pholiota caperata; flesh thick and firm, whitish to faintly 
yellowish, unchanging, taste mild, odor fragrant when young pilei are cut ; 
lamellae at the very first with a caesious tinge, soon pallid or ‘‘avellaenons^’ 
and finally pale ^^day-color,^’ close, 2-3 tiers of short individuals, broad 
(8-12 mm.), bluntly adnate at first, becoming adnexed in age; stipe stout, 
^10 (12) cm. long, 10-18 mm. thick at the apex, clavate-bulbous, the bulb 
2.5-4 cm. thick, solid, texture cottony jn the interior, whitish or faintly yel- 
lowish within, surface evenly colored like the context and densely silky from 
the copious cortina, with pale yellowish subannulate bands over the lower 
portion in age from the broken universal veil, ii. veil white at first but rem- 
jiants slowly lutescent, in age the flesh becoming slightly rusty brown around 
the wormholes or the surface brownish where handled; spores 9-11 (12) x 
5-6 (7) |j, dark rusty brown under the microscope in KOH, coarsely tuber- 
culate; basidia four-spored; cheilocystidia and pleurocystidia not differen- 
tiated; pileus-trama with a thick gelatinous pellicle, the hypae 4-5 n thick 
and yellowish in KOH. 

Gregarious on humus in low or upland oak woods, Sharron Hollow, and 
Ann Arbor, Sept. 14 and 16, 1940 {15361, 15418). 

Prom his comments (2) it is quite clear that Kauffman’s collections from 
New York, on which he based his report, represent some other species, which 
one I am not prepared to say. The small spores, subemarginate bulb and lack 
of a universal veil do not allow his collections to be placed here. In my speci- 
mens the white-fibrillose remains of the universal veil showed a tendency te) 
become yellowish in age. This is not in accordance with the European con- 
cepts. The bands on the lower part of the stipe were never as highly colored 
as in C. luteoarmillatus, however. The gills of the younger specimens in all 
of my collections, as well as qu all of the material I observed growing in the 
woods, consistently showed a caesious tinge. Many European authors de- 
scribed the young gills as pallid and slowly becoming brownish. Konrad and 
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Maiiblaiic (4, pi. 126) j?ive the spores as 11-15 x 6-8 jj, a rather serious dis- 
crepancy in this ^enm and indicating that their species is not that of Ricken. 

Because of the zones on the stipes of old specimens some might be tempted 
to refer my material to C, triumpham. In my collections of the latter, how- 
ever, the universal veil was distinctly colored in button stages and the pileus 
was also brighter. 

Cortinarius luteoarmillatus Smith, sp. nov. Pileus 3-5 cm. latus, obtusus, 
demum convexus, viscidus, glaber, ad marginem fibrillosus, pallidus vel 
albido-argillaceus; lamellae sordide albidae demum argillaceae; stipes 5-6 
cm. longus, 8-15 mm. crassus, clavatus, deorsum luteo-armillatus, sursum 
albidus et albido-fibrillosus; spores 8-10 x 5-6 g. 

Pileus 3-5 cm. broad (all rather young), obtuse, the margin incurved, 
becoming broadly convex as they mature, surface viscid, glabrous, with 
scanty remnants of a cortina along the margin, spot-like scales developing 
on the disc, color ‘‘<*innamon-bulf ’’ when young, ‘‘pinkish buff’’ in age (pale 
brownish buff) the disc usually shaded a bit darker than the margin; flesh 
thick, firm, hard, odor faintly fragrant, taste siibnauseous, no color changes 
when cut or bruised ; lamellae moderately close, adnexed, narrow (all young) 
2-3 tiers of short individuals white to “tilleul-buff” (whitish), slowly be- 
coming sordid brownish, edges even ; stipe 5-6 cm. long, 8-15 mm. thick at 
the apex, clavate bulbous, (2 cm. thick at the base), rounded below and 
furnished with white rhizomorphs, the lower enlarged area with delicate 
yellowish zones of fibrils from the remains of a universal veil, cortina white 
and copious, apex loosely silky-fibrillose and appearing white because of the 
veil-remnants, solid and whitish or pale buff within ; spores 8-10 x 5-6 n, 
ellipsoid, nearly smooth, very pale yellowish brown under the microscope in 
KOH ; basidia four-spored ; cheilocystidia and pleurocystidia not differen- 
tiated ; pileus-trama with a gelatinous pellicle made up of hyphae 3-4 p 
thick and nearly hyaline when mounted in KOH. 

Gregarious on muck soil in low woods, Sharron Hollow, Sept. 14, 1940 
(.1. H. 15360 — type). 

This species appears to be well characterized by the yellow zones of fibrils 
distributed over the lower third of the stipe, the whitish gills and very pale 
buff pileus along with the small spores. Were it not for the yellow zones left 
on the stipe by the universal veil, I should be inclined to identify my collec- 
tion with C. lustratns Fr. or C. sehacetis. The spores and gelatinous pellicle 
of the pileus exclude G. allndifolius Pk., a species with apparently the same 
stature as C, luteoarmillatus, 

C, triumphans has similar but darker yellow bands on the stipe, but is 
readily distinguished by the colors of both pileus and gills. There appear to 
be several forms very similar to C, triumpharys in North America. During 
the past season I collected one with spores 7-9 p long and 6-8 p wide which 
may be a distinct species. Its gills were pale caesious at first as in typical C. 
triumphans. My material, however, was not sufficient for a critical study. 
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Fig. 5, Cortinarius claricolor Smith. xO.7. FiO. 6. Cortinariuti fumosifolius KSinith 
xO.7. 


NEW AND REDESCRIBED SPECIES OP INOLOMA AND TELAMONIA 

Cortinarius obliquus Pk. Pileus 7~10 cm. broad, very broadly convex, 
the margin decurved, becoming plane with an arched margin or the margin 
slightly uplifted thus creating a broad shallow central depression, surface 
dry and appressed silky fibrillose, the margin fringed or with adherin 
fibrillose patches, color “pale vinaceous fawn'^ (pallid with just a tinge or 
flesh-color) in age becoming darker and near “vinaceous buff (darker pink- 
ish brown) ; flesh thick and firm, “pallid purple-drab’’ in the stipe and along 
the gills, taste mild, odor fragrant ; lamellae narrow (7~8 mm. in caps 10 cm. 






1942] 


SMITH: CORTINARIUS 


61 


broad), close to crowded, 2-3 tiers, depressed adnate to adnexed, with a de- 
current tooth in age, “dark vinaceous brown (dull purplish red) in young- 
est specimen (no buttons available), becoming dark cinnamon brown at 
maturity, edges eroded ; stipe 7-12 cm. long, 1-2.5 cm. thick above the almost 
marginate bulb (2-3.5 cm. broad), solid, pallid purplish within, surface 
densely silky fibrillose fi*om the remains of the cortina, toward the apex 
“light heliotrope-gray, ” (pale purplish gray — with only a tinge of vinace- 
oiis), pallid downwards, with a short sheath of matted fibrils formed by the 
universal veil remnants and terminating at the margin of the bulb ; spores 
8-10 (11) X 5-6.5 p, ellipsoid, tuberculate, dark rusty brown in KOH; 
basidia four-spored, more or less sordid vinaceous brown when revived in 
KOH ; cheilocystidia and pleurocystidia not differentiated ; gill-trama and 
pileus-trama homogeneous. 

Uregarious under beech. La Badie Lake, near New Hudson, Oakland Co. 
Sept. 23, 1940 {15438), The above description was taken from this collection. 

The form described here differs so much in general proportions from 
typical specimens of the species that it seemed best to give a complete account 
of it. Large fruiting bodies such as this are known to occur in other species 
of Cortinarius and also in other genera of agarics. This is the second time I 
have encountered this particular form of C. obliquus in Oakland County, 
Mich. It was found first near Milford on Aug. 23, 1937. Both collections 
were made during dry weather following a period of very heavy rainfall. 

Cortinarius subtestaceus Smith, sp. nov. Figure 7. Pileus 3-7 cm. latus, 
obtusus vel convexus, demum subplanus, saepe subdepressus, siccus, innate 
fibrillosus, pallide testaceus demum obscure testaceo-brunneus ; caro aquose 
brunnea, demum pallida; lamellae argillaceae demum ochraceo-brunneae, 
subconfertae, latae, adnatae; stipes 6-14 cm. longus, 10-15 mm. crassus, 
clavatus, deorsum testaceo-cinctus, sur.siim sericeus et pallidus, solidus; 
sporae 9-11 (12) x 6-7 p. 

Pileus 3-7 cm. broad, obtuse to convex, expanding to plane or broadly 
convex, sometimes with a low umbo, surface dry and densely innately fibril- 
lose under a lens (appearing glabrous to the naked eye), in age the fibrils 
arranged in small patches (as seen under a lens) but not becoming scaly, 
occasionally rimose over the disc in extreme age, margin delicately fringed 
with fibrils at first, color evenly “fawn-color'^ when young (rather bright 
vinaceous brown), becoming darker and near “walnut-brown" in age (full 
vinaceous brown) ; flesh watery brownish (pinkish buff) soon pale pinkish 
buff or pallied (a bit more vinaceous brown in the stipe), firm, fairly thick, 
taste mild, odor faintly acidulous; lamellae “clay-color" to near “buck- 
thorn-brown" in unopened buttons (sordid yellowish brown), becoming 
“ochraceous tawny" at maturity, (tawny-brown), close but becoming nearly 
subdistant, 68-76 reach the stipe, 1-2 tiers of short individuals, moderately 
broad (6-7 mm.), broadest near the stipe, adnate, becoming shallowly an- 
nexed ; edges even ; stipe 6-14 cm. long, 10-15 mm. thick at the apex, en- 
larged below to a narrowly clavate bulb and tapered to a point at the base, 
sometimes nearly fusiform or in age nearly equal and somewhat rooting, 
lower one third to one half covered by bands of “army-brown" to “fawn- 
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color” universal veil remnants, cortina white and silky and the upper half 
of the stipe whitish to pallid because of a coating of appressed, silky fibrils; 
spores 9-11 (12) x 6-7 p tuberculate, ellipsoid, pale yellowish brown under 
the microscope in KOH ; basidia four-spored ; cheilocystidia none ; gill-trama 
brownish-cinnamon when revived in KOH ; flesh of pileus homogeneous and 
paler than the gill-trama. 

Gregarious on humus in low woods. La Badie Lake, Oakland Co., Sept. 
24 {A. H. Smith 15458 — type), and Ann Arbor, Sept. 28, 1940 {15548). 



Fig. 7. Cortinarius subtrstaceuH Smith, x 0.7. 

The surface of the pileus in this species has a dry appearance, but the 
flesh is watery punctate and chanjres color appreciably when it fades. Con- 
sequently the fuiifjus is placed in Telamonia alon^ with C. armillatufi. Al- 
though the descriptions of these two read somewhat alike, one would never 
confuse the species in the field. C. armillatua is very common in northern 
Michigan, w^here I have collected it on numerous occasions. Its veil remnants 
are a much brighter red, its stature is much more rcibust, the sti[)e much 
thicker at the base, and its spores are much darker brown when mounts of 
both in KOH are compared under the microscope. The most conspicuous 
difference, however, is in the color of the universal veil. At first T was in- 
clined to consider the collections cited above as belonging to (\ haernato- 
chelis, Bresadola has given the length of the spores of that species at 7-8 p 
long, and, judging by his illustration, its universal veil is colored more like 
that of C. armillatus. Some consider (7. haematochelUs as a synonym of C. 
armillatus. 
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C, paragaudis also has a somewhat similarly colored though poorly de- 
veloped universal veil, but its spores are smaller, its stipe is equal and be- 
comes dark purple at the base. Both C. paraguadisi and C. armillatus, accord- 
ing to my experience, grow in conifer or mixed conifer and hardwood forests. 
C, subtest aceus was found on low ground under ash, elm, bur-oak and soft 
maple. The only conifers within a radius of one hundred yards were larch 
trees well out in the bog. C. veregregius Henry apparently has the same type 
of veil as C. subtestaceus, but its gills are described as brighter yellow and 
its spores are smaller and not ellipsoid. 

Cortinarius fumosifolius Smith, sp. nov. Figure 6. Pileus 2-3.5 cm. latus, 
coiivexus demum subplanus, a 1 bo-fibril losus, subglabrescens, obscure pur- 
pureo-brunnous, hygrophaiius demum pallide argillaceiis; lamellae fumosae, 
demum argillaceae vel sordide alutaceae; stipes 2-3 cm. longus, 4-6 mm. 
crassus, bulbosus, fibril loso-volvatus, cavus, dense albido-fibrillosus; sporae 
7-9 X 4-5 p. 

Pileus 2-3.5 cm. broad, broadly convex or with a flattened disc at first, 
in age broadly convex or with a low obscure umbo, surface appearing dry 
and whitish because of a dense covering of loose white fibrils, in age the 
fibrils becoming aggregated into patches scattered over the entire surface, 
margin it fringed at first, color evenly ^‘benzo-browiF^ (dull purplish 
brown) beneath the fibrils, the surface moist, hygrophanous and fading to 
sordid pinkish buff,^^ usually remaining more or less covered by the white 
fibrillose patches in age; flesh thickish, fragile, watery, ‘‘benzo-brown’^ but 
soon fading to pale sordid buff, odor and taste not distinctive; lamellae 
‘^light drab^^ (brownish gray) when young, sordid clay-color^’ in age 
(pale alutaceous), adnate, becoming slightly adnexed, often with a decurrent 
tooth, close, AO-44 reach the stipe, 1-2 tiers of short individuals, moderately 
broad (3-4 mm.) ; stipe short, 2-3 cm. long, 4-6 mm. thick at the apex, base 
with more or less of a rounded bulb, fragile, hollow, watery, universal veil 
very copious and adhering to the bulb forming a volva-like fringe around 
it, appressed-silky above the bulb and with a whitish sheen, tinged violace- 
ous brown beneath the fibrils (nearly concolorous with but paler than the 
pileus), cortina moderately copious; spores 7-9 x 4-5.5 p, ellipsoid, dark 
rusty brown in KOH under the microscope, tuberculate ; basidia four-spored ; 
cheiiocystidia and pleurocystidia not differentiated; gill-trama homogene- 
ous, ceils pallid in KOH; pileus-trama with a differentiated surface-layer 
of inflated cells 15-30 p thick (tangential sections) which give a pseudo- 
parenchymatous appearance similar to that in most species of Psathyrella, 
beneath it the tissue compact and floccose and made up of narrower hyphae, 
universal veil remnants resting on this layer and made up of narrow 
filamentous hyphae. 

Gregarious under rhododendrons. Arboretum, Ann Arbor, Sept. 7, 1940 
{Mr. and Mrs. Paul Marshall Rea and A. H. Smith 15266 — ^typb). Known 
only from the type locality. 

This Telamonia has so many unusual characters that it is hard to believe 
that it has not been previously described. The gray gills, the practically 
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mar^inate bulb (and development similar to that of species of Bulbopo- 
dium), the copious universal veil and the structure of the pileus are outstand- 
ing: in this subgrenus. The surface of the pileus is covered by universal veil 
remnants. These consist of hyphae 6-10 jj thick and with cells 50-100 pi long. 
The cuticle of the pileus is composed of pale brownish hyphae radially ar- 
ranged and with the cells 15-30 [j thick and 30-60 pi long. This type of 
organization of the surface-layer in a Cortinarius is unique. I have encount- 
ered a rather large series of species in Tnoloma which have marginate bulbs 
and a development comparable to that of the Bulbopodia, but only one other 
in Telamonia, and that one is still unidentified. More than likely C. fumoai- 
foUus was introduced. Tt is one of the few agarics I have collected on the 
compost around the rhododendron plantings in our local arboretum. 
University of Michigan Herbarium 
Ann Arbor, Michigan. 
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The aim of this Index is to include all current botanical literature written 
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subscription. Correspondence relating to the card issue should be addressed to 
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Beginning with this issue the Index to American Botanical Literature is 
classified under 8 headings as follows: Plant Taxonomy and Floristics (exclusive 
of fungi) ; Mor|)hology (including anatomy, and cytology in part) ; Plant J’hysi- 
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winiana 6: 215-223. /. 1-3. 11 An 1941. 
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Scbultes, B. E. Contribuciones al conocimiento de la botanica de Oaxaca, I. Notas 
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1942] 


INDEX TO AMERICAN BOTANICAL LITERATURE 


73 
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Little, T. M. ft Kantor, J. H. Inheritance of earliness of flowering in the sweet 
pea. Jour. Hered. 32: 379-383. /. S. N 1941. 
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Jour. Hered. 32: 229-231. J1 1941. 

Whitaker, T. W. The occurrence of a spontaneous triploid celery. Proc. Am. 
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HETEROCXlrJfOTie^VTCrOR IN NEUROSPORA‘ 

B. 0. Dodge 

Races of Neurospora normally develop certain structures which are 
characteristic of species of this genus. There are the orange-colored monili- 
oid conidia, the incipient ascocarps, the microconidia, and finally, when two 
races of opposite sex are grown together, the ascocarps with asci. Races C4 
and CS of N. tetrasperma, for example, which will be mentioned many times 
in this report, produce all the structures just mentioned. They are of oppo- 
site sex in their reactions. Race C4 produces a fluffy aerial growth in Difco 
potato dextrose agar tube cultures. The conidia tend to be of a rosy pink 
color. On the same medium race CS produces fewer conidia and much less 
aerial growth. The conidia of CS are bright yellowish-orange in color. 

HOMOCARYOTIC AND llETEROCARYOTIC MYCELIA 

When two races of N. tetrasperma which are of opposite sex are grown 
. together there is a rapid migration of nuclei through the openings at the 
points of anastomoses (Dodge 1935a, 1935b). Some years earlier the writer 
(1930, 1931) realized that a nuclear migration through the openings in the 
cross-walls of the radiating hyphae must occur to account for the peculiar 
distribution of ascocarps (1930a, fig. 3). Actual jfi’oof of such a migration 
was not forthcoming until later (1935a). If races C4 and CS are grown in 
a plate culture the nuclei of race CS migrate over to the C4 side by way of 
the small openings in the cross- walls (fig. 1). Even though the cells of races 
C4 and C8 may contain from one to several nuclei each, these nuclei are all 
haploid and in each race all exactly alike genetically. Each race is therefore 
homocar^otic. After nuclei of the CS race have migrated to mingle with the 
Ci nuclei in a comDion cytoplasm, however, the cells of the mycelium con- 
tain two different kinds of nuclei, and this part of the mycelium is now 
heterocaryotic. The growth from such a mycelium and from many of the 
conidia (fig. 2) produced on the new growth will also be heterocaryotic. 

A NEW DWARB^ NON-CONIDIAL RACE OF NEUROSPORA 

As the result of X-ray treatment or of natural somatic mutations we now 
have races of Neurospora which produce few, if any, monrlioid conidia. 
Otherwise such ‘‘non-conidial’’ races may be perfectly normal. • 

Recently we have obtained a new non-conidial race, one that does not 
seem to, produce any incipient ascocarps. .S^urthermore, it a dwarf race 

1 Paper presented at the meeling of the National Academy of Science, held in Madi- 
son, Wisconsin, October 13-16, 1941. 
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which grows so slowly that when transplanted to a fresh medium growth is 
first evident only after two or three days. Later the growth rate increases 
somewhat. It usually requires a week or more for the mycelium to cover an 
area 2.5 cm. in diameter. A culture in a Kolle flask will grow across from 
one side of the flask to the other, a distance of 9.5 cm., in about four weeks 
at room temperatures. This race will be referred to as ^^Dwarf 16.^^ 

In tube cultures a week or ten days old, the growth at the lower part 
of the slant takes on a bright lemon- or cadmium-yellow color, and the 
growth becomes more or less warty or nodular. At the top of the slant in 



Fig. 1. Diagram showing how the nuclei in the mycelium of race C8 (Neurospora 
tetranperma) may migrate through the oiwnings at the points of anastomoses to com- 
mingle with nuclei of race C4 in a common cytoplasm. This part of the mycelium of race 
C4 is thus changed from a homocaryotic to a heterocaryotic condition. The mycelium 
of C8 has remained homocaryotic. 

tubes or at the outer margin in plates, the aerial growth is somewhat fluffy 
and pale buff or only slightly yellowish. 

Race C8 usually grows a little faster than does race C4. When C4 and 
Cd are grown together in a plate the rate is about like that of C8 alone. C8 
will grow 9 cm. in three or four days, depending on the temperature. It is 
apparent that both C4 and C8 grow many times as fast as does Dwarf 16. 

SEX REACTION TYPE OF DWARF 16 

In earlier work with races of N-. tetrasperma carrying the so-called domi- 
nant lethal I (Dodge 1934) dwarf races were frequently obtained from 
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1-ascospore proj^eny. It was rarely possible to determine the sex or sex- 
reaction type of any of these dwarf races, which usually died after some 
weeks. However, if one allows the dwarf to jrrow alone for several days in 
culture before introducing the tester rattes a sex reaction may occasionally 
occur. The sex of Dwarf 16 was determined by first allowing transplants to 
grow about four days in tube cultures of Difco potato dextrose medium. 
Races C4 and C8 were then used as testers, Ci being introduced into one 



Fig. 2. Diagrams of monilioid conidia and hyphal fragments, the nuclear condition 
being purely arbitrary; some conidia are rejiresented as hoinocaryotic, others as hetero- 
caryotic. White and black used to distinguish differences in sex, or in some other factor 
pairs. 

culture of Dwarf 16, and C8 into another culture of Dwarf 16. The tube 
which now contained both Dwarf 16 and race C8 soon showed fluffy aerial 
growdh and masses of yellowish-orange conidia were soon formed. Such large 
quantities of conidia are not formed in C8 cultures under the same condi- 
tions. While numerous incipient ascocarps are always produced in cultures 
of C8, some of them being rather large, in the combination culture Dwarf 
16 + C8 these incipient fruit bodies were more numerous, and they grew 
rapidly at first. They remained sterile, however, never producing asci. 
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Cultures of Dwarf 16 to which transplants from a culture of C4 had 
been added, also showed a rapid development of aerial growth and the pro- 
duction of excessive amounts of conidia which were more yellowish-orange 
than are conidia of C4 when it is ^rown by itself. The incipient ascocarps 
developed rapidly, soon becoming fertile, discharging quantities of asco- 
spores. Dwarf 16 must, therefore, be opposite in sex to that of Ci which 
we say is sex A, and it is of the same sex as CS, or sex a. Dwarf 16 was also 
tested against another pair of wild-type testers, 81 and 89, with the same 
results. By our usual methods of testing for sex reaction. Dwarf 16 h uni- 
sexual, sex a. 

DIFFERENT TYPES OF HETEROCAR YOTIC MYCELIA AND CONIDIA 
INVOLVING DWARF 16 , 

As noted previously, Dwarf 16 produces few if any conidia by itself. 
The following questions arise: Do any of the conidia abstricted in the cul- 
ture Dwarf 16+C4 contain Dwarf 16 nuclei in addition to nuclei of race 
Cl? Are conidia which contain only Dwarf 16 nuclei ever abstricted? Both 
questions may be answered in the affirmative. Proof was obtained at various 
times as follows, the results are considered here as a whole. 

Thin sowings of conidia from a culture of the now supposedly hetero- 
caryotic race Dwarf 16 i C4 were made on the surface of hard agar plates. 
The conidia were allowed to grow for twelve or 'more hours at 27® C. By 
this time growth from the larger conidia was rather extensile. The smallest 
conidia, however, showed only emerging* germ tubes. Both kinds were iso- 
lated, but particular care was taken to select a number of the smaller later- 
germinating ones. Within two or three days, it was usually clear that of the 
1-conidium isolates not just two or, at most, three types of cultures had been 
obtained ; there were instead quite a number of different types. 

First, there were many cultures which grew vigorously from the first, 
developing masses of deep cadmium-orange conidia and finally ascocarps 
with spores. 

The aerial mycelial growth and the conidia produced in a few cultures 
were of a bright lemon-yellow color. Growth was vigorous, the color was 
certainly not that of C4 by itself, and formation of ascocarps was so long 
delayed that we had hopes of discovering a startling cytoplasmic inheritance 
from the yellow dwarf. While such an effect is neither excluded nor proved 
as yet, in time these yellow cultures all produce ascocarps. Fertility was of 
a low grade, however. 

Certain cultures of a third type were like typical Cl, although the 
conidial masses were rather darker pink, bordering on orange in color. They 
never produced fertile ascocarps, and they reacted under tests as sex A, the 
same as race C4, 
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A fourth type of isolate was distinj?uished by its slow rate of growth and 
failure to produce very many eonidia, at least not until after a week or ten 
days. They were described as dwarfish, but they were in no sense dwarfs 
like Dwarf 16, and no yellow color ever appeared. The surface mat of myce- 
lium remained a very light pink. Transfers from such cultures sometimes 
produced more eonidia, resembling more C4 in this regard. Although cul- 
tures of this type all reacted as sex A, they are being studied further, as 
will be noted at another time. They may prove highly interesting. 

A fifth type would include all dwarf isolates which finally became bright 
lemon-yellow and showed nodular growth at the base of the slant. They 
reacted as sex a, the same as Dwarf 16, which in fact they were, barring any 
cytoplasmic effects due to their association with C4 nuclei in the same 
cytoplasm. 

Finally there were in a sixth type isolates which during two or three 
weeks made very little growth beyond a few short hyphal branches. Some 
of these eventually grew enough to show that they were real Dwarf 16 type, 
but a number died without making much growth. 

In all, nearly 400 1-conidium isolates were obtained at various times 
from cultures in which Dwarf 16 and race C4 were growing together. Of 
this number at least 50 isolates proved to be real yellow dwarfs like Dwarf 
16, Two hundred and eighteen (218) isolates sooner or later produced asco- 
carps with ascospores. The remaining isolates were recorded as producing 
eonidia but no ascocarps with spores. All of this type that were tested proved 
to be of sex A reaction type like that of C4, A number of these conidial cul- 
tures showed a very decided yellowish cast or coloration of mycelia and 
eonidia as though some cytoplasmic effect had been carried over because of 
a former association in the same cytoplasm with Dwarf 16 nuclei. As long 
as such isolates were observed no fertile ascocarps were discovered, but 
further study would very likely prove that they were actually bisexual and 
thus contained also nuclei from the Dwarf 16; this would account for the 
yellow coloration. 

THE QUESTION OF CYTOPLASMIC INHERITANCE RAISED 

It is clear from the results given above that one can obtain eonidia from 
a mixed culture, Dwarf 16 -f C4, which develop not only typical C4 types, 
testing as sex A, but also eonidia which developed yellow dwarf growth very 
like that of Dwarf 16 which by itself abstricts few if any eonidia. As further 
proof that the mycelium in the mixed cultures is actually heterocaryotic 
we find that ordinarily a large percentage of the isolated conidi^ give rise 
to a third type, vigorously growing fertile cultures producing ascocarps 
which mature ascospores. This would give us only three types of isolates, 
whereas, as noted previously, one can readily distinguish a number of dif- 



80 


BULLETIN OP THE TORREY CLUB 


[VOL. 09 


ferent types of cultures. The reasons for this apparent anomaly may well 
be worth considering. The first point to be emphasized here is that nuclei 
from Dwarf 16 race and those from race C4 can, at will, be brought together 
in a common cytoplasm giving us a heterocaryotic mycelium. Furthermore, 
the two nuclear components or elements in such growth can be isolated and 
grown separately again. 

If it is the Dwarf 16 nuclei that originally migrated over into the cells 
of race Cl mycelium, then one may well ask which race contributed the 
cytoplasm carried in the conidia which are abstricted and which carry only 
Dwarf 16 nuclei. It is not at present clear from the evidence just how much 
such a cytoplasm-nucleus relation may account for the intermediate types 
of cultures which one may obtain when he starts with only two Rinds of 
nuclei. The second type described above might be ccnisidered as showing a 
cytoplasmic effect. 

There appear not only various grades of fertility (some cultures matur- 
ing ascocarps quickly, others only after many days) but gradations in col- 
oration, amounts of conidia produced, and striking differences in vigor or 
growth rates among the isolates. Some of these differences must be due to 
the relative numbers of the two kinds of nuclei included in particular conidia 
isolated. The writer (1930b) has proved that microconidia of species of 
Neurospora will germinate, but very slowly, only after about two days. 
Hyphae from the germ tubes grow very slowly' for several days. The my- 
celium is not that of a dwarf, however. Eventually the myeelia from micro- 
conidia become rather normal, so that matings can be made with them as 
with mycelia from the monilioid conidia or ascospores. The reasons for the 
very slow growth-rate at first are clearly the small size of microsporcs and 
the fact that they would contain only a single nucleus each. Tertiary conidia 
are very small and germinate slowly. In isolating single conidia from a 
mixed culture Dwarf 16 i C4, one can with sufficient care pick out conidia 
which will give rise to Dwarf 16 types. The germ tubes from such (tonidia 
develop a sort of distorted rosette type of branching. If the conidium is very 
small, germinating slowly but developing long branched germ tubes, a sex 
A reacting type of growth may be obtained. Some of these cultures are typi- 
cal of race C4, while others certainly fail to develop as normal C4 types. 
The cultures will, however, be unisexual, sex A in their mating reactions. 

Large rapidly germinating conidia will usually give fertile cultures with 
ascospores. It has been shown (Dodge 1927) that the size of ascospores of 
species of Neurospora depends largely on the number of nuclei included in 
the spore at its origin. The great difference in the sizes of conidia and hyphal 
fragments is also due'to a certain extent to the number of nuclei included 
at abstriction. Conidia formed on the heterocaryotic mycelium Dwarf 16 
+ C4 must vary not only in the kinds of nuclei they contain, but also in the 
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relative numbers of each kind. If a conidium should contain only a single 
nucleus of Dwarf 16, it would very probably be unable to develop much 
beyond the formation of a germ tube. A small ascospore containing only a 
single nucleus of a similar dwarf race might well be able to grow into a 
good dwarf because of the much larger amount of cytoplasm in the asco- 
spore. Whether the difference in the number and kinds of nuclei in conidia 
accounts wholly for the differences in types of growth, may be questioned, 
however. This material certainly should be studied from the standpoint of 
the effects of the cytoplasm, as well as the possibility that Dwarf 16 contains 
of itself two kinds of nuclei. 

NUCLEAR MIGRATIONS BETWEEN RACES OF THE SAME SEX 

Up to now the writer has been inclined to the view that the nuclear 
migrations proved to occur in cultures of N. tetrasperma are due to sex 
attractions, or to sex hormones, or to the attractions of ‘‘opposites’^ (which 
may or may not be the same things). While “protoplasm” may be seen 
streaming from cell to cell and through openings where hyphae anastomose, 
there is no proof that nuclei are carried along in the stream. It would seem 
strange if nuclei of two races of the same sex, but differing in other genetic 
factors could migrate to mingle in a common cytoplasm. Prom the experi- 
ments now to be described it can be said that other forces than sex attrac- 
tions do cause nuclei to migrate freely from hyphae of one race into the 
cells of another race which is of the same sex reaction type. 

Aerial growth in mixed cultures, Dwarf 16 + race C8, soon shows much 
more vigor than does the mycelium in cultures of C8 alone. Many more 
conidia are also formed at the crown of growth. These conidia are usually 
a bright yellow-orange in color. Furthermore, the incipient ascocarps are 
very numerous and they increase rapidly in size, at first resembling young 
ascocarps which develop in cultures in which races of opposite sex are being 
grown. Usually incipient ascocarps of race C8 grow very slowly at first, only 
a few of them ever attain the size of fertile fruit bodies. In cultures of Dwarf 
16 ^ race C8, as noted previously, the little bodies enlarge very rapidly from 
the first, but after attaining fair size, cease further development. So far as 
we have been able to discover, none of them ever produces asci. 

In a mixed culture, Dwarf 16 + C8, with a commingling of nuclei from 
both races in a common cytoplasm, the cells would be homocaryotic for sex, 
but heterocaryotic for certain other pairs of factors represented in the two 
kinds of nuclei. Dwarf 16 has the genotype aDc, while race C8 has the geno- 
type adC,^ Two methods were employed to prove that such heterocaryotic 
mycelia and conidia were present in the mixed cultures, Dwarf 16 -i- C8. 
These experiments will be described below. 

are sex reaetion factors; C,c are factors governing production of conidia; 
J^,d factors for deliquescent ascus abortion (Dodge 1935; Dodge & Seaver 1938). 
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Fig. 3. Above : Photographs of cultures 24 hours old in plates 9 cm. in diameter an"d 
incubated at 30° C. The mycelium of the two heterocaryotic races, Dwarf 16 + C8 and 
Dwarf 16 + 04, have completely covered the plates while that of race C4 is not yet half 
way across. The heterocaryotic race C8^C4 has grown about the same distance as has 
race C8, Below: Comparative amounts of growth in plate cultures at room temperatures 
for 34 hours. Dwarf id has made no visible growth in either culture. The mycelia of 
races C4 aiid C8 have not grown half way across as yet, while the heterocaryotic mycelia 
have just about covered the plates. 
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INCREASED VIGOR INVOLVING RACES OF OPPOSITE SEX 

As noted above, when the Dwarf 16 was grown in culture with race C4 
which is of the opposite sex, mixed cultures showed not only a more vigorous 
growth but also larger quantities of conidia than are ever developed in 
culture of Cd or C8 alone. The differences in the growth rates of these three 
races are much more readily demonstrated in plate cultures. If one trans- 
plants some mycelium of race Dwarf 16 into one plate, some conidia of race 
Cd into a second plate, and some conidia or mycelium from the mixed cul- 
ture Dwarf 16 + Cd into a third plate, and allows growth to proceed for 
from 24 to 40 hours, depending on the temperature, it will be seen that little 
or no growth is evident in the first plate. Dwarf 16, at the end of this time. 
(It requires about two days for growth to be apparent.) Mycelium of race 
Cd would have grown nearly half way across the plate while the hetero- 
caryotic mycelium. Dwarf 16 + Cd, would have grown completely across the 
plate (fig. 3). Similar tests repeated many times show that the heterocaryotic 
mycelium grows from two to three times as fast as does that of race Cd alone. 
Growth by the dwarf for the first day or two, as noted above, is negligible. 

A very striking demonstration of these different growth rates may be 
obtained by using U-tubes. In this case the potato dextrose agar medium 
should be prepared by using tap water instead of distilled water and the 
medium should be sterilized intermittently in a steam sterilizer at about 
92° C. This is to avoid driving the air from the agar in the U-tubes.^ If 
distilled water is used and the medium is autoclaved, there is very little 
oxygen left in the agar, so that even though, as Denny (1933) has shown, 
only a minute quantity of oxygen is necessary for growth, the mycelium 
will make little headway down into the agar. With the agar prepared as 
noted above, one may inoculate the agar in one arm of a U-tube with my- 
celium of Dwarf 16, the agar in one arm of a second tube with Cd and a 
third tube with the heterocaryotic conidia of Dwarf 16 -{^Cd, At the end 
of a week’s time it may be seen that the surface of the slant in the tube 
containing Dwarf 16 is nearly covered with the mycelium of the dwarf 
which has just begun to turn yellowish at the center. Race Cd will usually 
have grown down through the agar and appeared in the other arm of the 
tube and begun to produce some of the pale pink conidia in both arms. In the 
third tube containing Dwarf 16 vCd the mycelium would have grown 
around through the agar very quickly and begun to produce large quantities 
of brightly colored yellowish-orange conidia. If one watches the growth of 

3 Since this paper was presented Beadle & Tatum (Proc. Nat. Aca<^» 27: 409—506. 
1941) have described a much better method for observing and measuring growth rates. 
They use horizontal tubes 13 cm, inside diameter and about 40 cm. in length. The ends 
are bent at a 45® angle. The medium is poured in to fill the tube hajf full. Our U-tubes 
were much larger in diameter. 
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the mycelium in the three tubes it will be very evident that the hetero- 
caryotic mycelium has g:rown very much more rapidly than that of race C4 
and produces a great many more conidia than are formed by the Ci 
race alone. 

The great increase in vigor illustrated in figure 3 occurred when the 
medium was inoculated with conidia or with fragments of mycelia which 
contained two kinds of nuclei, Dwarf 16 and C4; that is, when the trans- 
planted mycelia or conidia were already heterocaryotic. This increased 
vigor may also be demonstrated when one inoculates a plate first with 
my(*elium from Dwarf 16 and then at a point nearby with conidia of race 
a. Other plates may be inoculated, one with Dwarf 16y and the other with 
race C4 alone for comparison. Up to a certain time there is very little dif- 
ference between the amount of growth in the C l plate and that in the plate 
containing the mixture Dwarf 16 and Ci. Then it will be seen that the 
mycelium of the mixed culture is growing faster than is the mycelium of 
race Cf, and by the end of the first or the second day, depending on the 
temperature, increased vigor is very evident. That the mycelium in the 
mixed culture has now become heterocaryotic may be proved by plating 
out the conidia formed at the outer margin. The smaller, more slowly grow- 
ing conidia isolated will develop either the yellow Dwarf 16 or pinkish 
growth much like that of Cl. The mycelia from the larger, moi'e rapidly 
growing conidia eventually produce fertile ascospores. Intermediate types 
of growth will be obtained because of quantitative differences in the nuclei 
ijicluded in the conidia isolated. This point will be discussed below. 

INCREASED VIGOR INVOLVING RACES OP THE SAME SEX REACTION 

It was stated above that in the mixed cultures in which Dwarf 16 (sex a) 
and race C8 (sex a) were grown, the aerial growth was more vigorous and 
it produced more conidia than was evident in the culture containing race 
C8 alone. By inoculating three plates as before, one with Dwarf 16, the 
second with race C8, and the third with mycelium or conidia from the mixed 
culture of Dwarf 16 ^ C8, it was shown that the mycelium of the mixed 
culture grew very much more rapidly than did the mycelium in the cul- 
ture C8. As a rule, race C8 grows somewhat faster than does race Ci. The 
heterocaryotic mycelium^ Dwarf 16 + C8 on the other hand grows about as 
rapidly as does heterocaryotic mycelium Dwarf 16 + C4. When race Ci is 
grown with race C8 in a mixed culture so that a heterocaryotic mycelium 
C4 + C8 is developed, it has been shown that the latter mixed culture, the 
heterocaryotic race Ci + C8 does not grow appreciably faster than does 
C8 alone. In some tests race C8 alone grows the faster. In fact, not infre- 
quently in tube cultures a mixed culture, race Ci + C8, produces fewer 

^ See below for proof that this mycelium is actually heterocaryotic. 
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conidia than does race Ci alone. It is well known that race C8 seldom pro- 
duces on our potato dextrose a^ar very many conidia. By using U-tubes as 
described above for demonstrating increased growth of the heterocaryotic 
mycelium Dwarf 16 + C4 the great increase in vigor and in the production 
of conidia by Dwarf 16 i CS can be emphasized. 

Ra(*e C8, when grown on Difco potato dextrose agar media is character- 
ized by tlie paucity of conidia and the tendency to form amorphous blotches 
or patches (Pease 1936) on the surface of the culture. These patches later 
turn a sordid reddish brown color which gives the culture the appearance 
of being badly contaminated with yeast and bacterial colonies. This effect 
is well brought out in TT-tube cultures. The patches are not prominent at first 
in plates, being covered by the fluffy mycelium, which later collapses. When, 
however, nuclei of Dwarf 16 come into the same cytoplasm with nuclei of 
this race C8 a most beautiful transformation takes place. No sordid amor- 
j)hous blotches now mar the surface of growth. Instead, a vigorous mycelial 
growth develops on the surface and soon a crown of bright yellowish-orange 
or cadmium-yellow conidia appears. 

More accurate determination of growth rates was later obtained when 
small blocks of agar bearing fresh mycelial growth were used as transplants. 
When conidia alone are used there are bound to be errors because recently 
foimied conidia germinate more quickly than do old or dried conidia. If it is 
necessary to transplant conidia, one should allow growth to proceed for a 
number of hours and then begin taking measurements from the limits of 
growth at the end of this preliminary period. At 30*^ C. it was found for 
example, in one set of plates, that starting with transplants of blocks of agar, 
race Ci grew approximately 3 cm. during the first 24 hours, while race C8 
grew 4.1 cm. and ra(*e Ci + race C8, heterocaryotic grew only 3.8 cm. During 
the same period heterocaryotic races Dwarf 16 H Ci grew 8.2 cm. 

PROOF FOR MIGRATIOxV OF NUCLEI OF THE SAME SEX 

To avoid confusion, a detailed description of the two sets of experiments 
by whi(4i it was proved that two genotypically different kinds of nuclei of 
the same sex may commingle in a common cytoplasm was postponed in order 
to emphasize the main feature of this paper, namely, increased vigor of cer- 
tain heterocaryotic mycelia over that shown when the two components in 
each case are grown separately. The first experiments involved race Dwarf 
16 and race C8. Sowings of conidia were made as described above. Germi- 
nating conidia were isolated, great care being taken to isolate the smallest, 
more slowdy growing conidia. The mere fact that one could in this way obtain 
1-conidium cultures of what appeared to be pure race C8^ would mean noth- 
ing, since C8 produces its own conidia. But if a considerable number of the 
small isolates grew to become yellow dwarfs like Dwarf 16 this would indi- 
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cate perhaps that just as in the mixed culture of Dwarf 16 \~ race C4y conidia 
are cut off bearing only Dwarf 16 nuclei, in spite of the fact that the dwarf 
produces few if any conidia by itself. Of the I-conidium isolates obtained 
from the mixed cultures, Dwarf 16 + CS^ 15 grew to become good yellow 
dwarfs that could not by tests be distinguished from Dwarf 16, Eighteen 
grew to look and react like pure C8, There were several somewhat different 
types of cultures which grew vigorously from the start ; many of them were 
bright lemon-yellow or cadmium-orange in color. None of these ever pro- 
duced fertile ascocarps, neither did transfers from them. The isolate cultures 
that were entirely unlike either pure Dwarf 16 or race CS indicated that in 
such eases nuclei from Dwarf 16, as well as nuclei from race C8, had become 
associated in these conidia because of nuclear migrations, just as if two races 
of opposite sex were grown together. 

Other sowings of conidia from cultures of Dwarf 16 i C8 were made, care 
now being taken to select the larger, more quickly growing conidia. Most of 
the isolates grew vigorously and produced masses of highly colored conidia. 
None of these cultures produced fertile ascocarps. Some 30 of them were then 
grown separately with both C8 and C4 testers. No ascocarps with asci were 
produced in cultures with €8, but in all cultures with C4 fertile ascocarps 
were matured. The critical point in these tests was to find two entirely dif- 
ferent kinds of ascocarps in some of the fertile (uiltures. If the isolated 
condia contained both Dwarf 16 and C8 nuclei which are of the same sex 
reaction type, sex a, then nuclei from the inserted tester Ci could jbin with 
either of the two kinds of nuclei, Dwarf 16 or C8, to bring about fertiliza- 
tion. Both Ci and C8 races carry a certain recessive lethal (Dodge 

1935) for deliquescent ascus abortion, Asci homozygous, dd, for this lethal 
would abort. Such asci would arise if nuclei from C8 (sex a) joined with 
nuclei from C4 (sex A). But if nuclei of Dwarf 16 , sex a, joined with nuclei 
from Ci, then asci with spores would be found in fertile ascocarps because 
the nuclei from Dwarf 16, carry the wild type D allele of d, Asci being heter- 
ozygous Dd would produce spores. 

It was easy to distinguish these two kinds of ascocarps in many of the 
mixed cultures because on Difco potato dextrose agar medium at the tem- 
peratures then prevailing many of the aborting asci become indurated, dark 
brown in color, and devoid of ascospores. This feature is very helpful because 
of certain additional sterility factors operating in these complex hybrid asci, 
often lead to ascus abortion even though the asci are heterozygous Dd, and 
ordinarily become indurated. Furthermore, some of the very numerous asco- 
carps in these cultures would mature at least a few spores. There was a suffi- 
cient number of cultures in which all asci in some ascocarps produced a full 
quota of spores, while all asci in other ascocarps in the same culture pro- 
duced only indurated asci with no spores, to prove that a heterocaryotic 
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mycelium may often arise throupfh nuclear mii^rations involving nuclei of 
the same sex. 

Another experiment was carried out to prove this point. As a result of 
crossing a certain vigorous non-conidial race with race Cd a bright yellow 
vigorously growing race, Race 6, was obtained. This race reacted with race 
C4 to produce fertile ascocarps, but when grown with race Cd the mixed cul- 
tures remained sterile. Conidia from these mixed cultures (C5 + were iso- 
lated. None gave fertile cultures. Again 1-conidium isolates were made as be- 
fore, but from an isolate culture this time. The new isolates were grown with 
a and with C8 separately. None of the cultures with C8 (sex a) produced 
fertile ascocarps. In many cultures with Cd two kinds of ascocarps were 
easily distinguished. One kind produced many asci, all of which aborted and 
usually became indurated without producing any ascospores. This would in- 
dicate that they arose from the cross Cd -f C8, Other ascocarps produced some 
asci with spores, showing that these arose from the cross Cd ^ 6. Since race 
No. 6 is acD, and Cd is ACd, the asci would be heterozygous for all three 
pairs, including Dd, and some spores would be delimited. The asci from this 
cross would show a great lack of fertility, however. 

HETEROCARYOTIO VIGOR AND HYBRID VIGOR DISTINGUISHED 

When it is recalled that Dwarf 16 produces few if any conidia, it is all 
the more clear that increased growth and the production of such large quan- 
tities of conidia in mixed cultures, Dwarf 16 + C8, must be due to the com- 
bined effects of bringing together in the same cytoplasm the tw’o kinds of 
nuclei, Dwarf 16 and C8, The same conclusion may be drawn from the effects 
visible when Dwarf 16 and Cd are grown together. This appears to be a con- 
dition or a situation which has not been reported previously. One may grow 
two different races of a fungus, races either of opposite or of the same sex 
reaction, separately in cultures under controlled conditions where the growth 
rates may be studied carefully and the production of conidia noted. Then, at 
will, one can bring the nuclei of the two races together in a common cyto- 
plasm, with the result that the heterocaryotic mycelium grows wdth such as- 
tonishing vigor and produces conidia in such great quantities. Since this 
vigor is expressed in connection with heterocaryotic structures this type of 
vigor is being described as heterocaryotic vigor to distinguish it from the 
true hybrid vigor manifested by diploid organisms such as our industrial 
yeasts or by higher plants or animals. What is the meaning of this hetero- 
caryotic vigor ? Is it at all comparable, for example, to hybrid vigor in corn ? 
Can anything be learned about hybrid vigor in general by a careful study 
of heterocaryotic vigor in Neurospora f 

Robbins (1941) in a recent paper on hybrid vigor (heterosis) in tomatoes 
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has sujTj^ested that hybrid vijror may be due to the ability of the heterotic 
hybrid to synthesize a full quota of vitainin-like g:rowth substances, whereas 
the parents of the hybrid were not able to do this. He has sujrjxested to the 
writer personally that perhaps a somewhat similar explanation mi^ht ac- 
count for heterocaryotic vigor, modifying the explanation to cover the hap- 
loid organization of the structures involved. 

On this basis one could say that Dwarf 16 is able to synthesize adequate 
amounts of, say, vitamins or growth substances 1, 2, 3, and 4, but be unable 
to synthesize enough of 5, 6, 7, and 8. On the other hand, race (U (or race 
C8) may not be able to synthesize enough of vitamins 1, 2, 3, and 4, but be 
able to produce an adequate supply of 5, 6, 7, and 8. When nuclei oF the two 
races are brought together in a common cytoplasm, the amounts of growth 
substances now synthesized by one of the components of the heterocaryotic 
mycelium supplement the amounts of growth substances synthesized by the 
other component. The mycelium now fortified strongly by an optimum of 
vitamin-like growth substances manifests a great increase in vigor, and ex- 
cessive amounts of conidia are produced. 

In crossing Dwarf 16 and race Ci a number of new dwarf races have 
been obtained, races which are self-sterile, but which (*ross readily with both 
testers Cl and C8. Whatever the results of further studies of Dwarf 16 and 
the new dwarfs should be, the main point at issue here will not be affected, 
namely, that heterocaryotic mycelia containing nuclei from both Dwarf 16 
and either race C4 or race C8 show greatly increased vigor of growth and 
increased production of conidia over either Ci or 

This factor complex concerned with increased hetero(‘aryotic vigor is 
heritable. Certain new dwarf races, such as race Dwarf 130^ one of the uni- 
sexual progeny of the cross Dwarf 16 x Ci, has much the same morphologittal 
and physiological characters as Dwarf 16. When nuclei from Dwarf ISO 
mingle with nuclei of either Ci or C8 heterocaryotic vigor is manifested. 

The new dwarf races which remain sterile when grown alone, but which 
fruit with both testers C4 and C8 are of great interest. Just how so many 
of the ascospores from which they were derived could have contained two 
nuclei of opposite sex at their origin, and at the same time both nuclei carry 
factors for dwarfness, is not easily explained even on the basis of errors due 
to random selection. If Dwarf 137, for example, while remaining self-sterile, . 
is able to produce ascospores with spores when grown with Ci but only asco- 
earps with deliquescent aborting asci with C8, it may be possible to separate 
the two components, providing that these components can be grown by them- 
selves. Instead of being a dwarf this race 137 should really show hetero- 
caryotic vigor, unless neither o^ its components is able to synthesize adequate 
amounts of certain growth substances. 
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INDIVIDUAL IlOMOCARYOTIC INHERITED VIGOR 

In previous discussions we have distingfuished between heterocaryotic 
vig^or expressed by structures whose cells contain two or more different kinds 
of haploid nuclei, and true hybrid vig:or expressed by diploid structures 
whose nuclei are actually diploid. A third type of vijror is shown by certain 
Nettrosjwra races obtained by crossing: Dwarf 16 with race C4. When one 
mates these two races the only real hybrid structures obtained are the asci 
with their fusion nuclei. Reduction is followed by a third division which pro- 
vides each ascus with eigrht haploid nuclei. In the obligrately heterothallic spe- 
cies, such as A. crassa, eig:ht ascospores are then formed. The ascus of N, 
tefrasperma normally contains foui* spores which have two nuclei each at 
their origrin. These nuclei are usually of opposite sex reaction. Occasionally 
an ascus has five as(*ospores. In this case two of the spores are small and con- 
tain only one nucleus each at their orifrin. By selecting: these small ascospores 
one obtains unisexual races. Several hundred new races, haploid prog:eny of 
Dwarf 16 \ race Ci, were obtained by selecting: ascospores at random. No at- 
tempt was made to isolate only the small unisexual ascospores; the slowness 
of germination and the irreg:ularity of the g:erm tubes insured the selection 
of a larg:e perceutag:e of new dwarf races. While this work has not been car- 
ried on sufficiently to warrant drawing: any conclusions, it may be said that 
a number of dwarf races have been obtained. These all remain sterile when 
gfrown alone but only a very few of them react as unisexual races when 
tested ag:ainst races Ci and CS. In many cases the new dwarfs fruit with both 
Cl and (>8, which proves conclusively that they are actually bisexual, al- 
thoug:h self-incompatible. 

Recently Dickson (1939) reported that he crossed two races of A. crassa 
and obtained a segregrant which he thoug:ht showed hybrid vig:or because it 
grew more vigorously than did either of the races crossed. On further con- 
sideration he questioned this idea, because the new race did not show at 
certain temperatures much if any increase in vigor over the parent races 
at those same temperatures. Dickson should have realized that even if his 
new race had shown a greater growth rate than the parents at all tempera- 
tures he could not have called it hybrid vigor because his new race was not 
a hybrid originally. A race of A. crassa arises from a single ascospore which 
is provided at its origin with a single haploid nucleus. Even though the cells 
of the mycelium may contain from one to several nuclei each, these nuclei are 
all haploid and they are all exactly alike genotypically. Since the mycelium 
of Dickson’s race was not diploid it could not very well have shown true 
hybrid vigor under any conditions of growth whatsoever. 

The heterocaryotic vigor which is described here is in quite a different 
category because the cells of the mycelium in each instance contain at least 
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two genotypically dilferent kinds of haploid nuclei, regardless of whether 
the two kinds are of the same or of opposite sex in their reactions. A number 
of the new races grew very vigorously from the start and produced large 
quantities of conidia without ever developing ascocarps with asci. Numbers 
of these races were tested for their sex reactions and were found to react 
with only one of the two tester races, which shows that they were unisexual. 
Since neither of the parents. Dwarf 16 and race C4, is a vigorous race, it is 
clear that the vigor now shown by these new races must be due to a recom- 
bination of factors governing growth and production of conidia. On the 
hypothesis that vigor of growth depends upon the ability of the race to syn- 
thesize adequate amounts of growth substances, individual vigor must be dis- 
tinguished from heterocaryotic vigor, because, in the case of individual 
vigor, the genes or factors concerned with the synthesis of growth substances 
must be included in a single haploid nucleus of the asc.ospore giving rise to 
the new race. Even though true hybrid vigor, heterocaryotic vigor and the 
individual vigor, just mentioned, may be due to exactly the same or similar 
causes, they should be distinguished because they are often manifested in 
quite different ways; they are expressed in connection with particular struc- 
tures and at particular times in the life cycle of the organisms concerned. 

Dickson (1939, p. 127) refers to his earlier work (1935) on growth rates 
of various segregant races of Coprimes sphaerosporns, claiming that certain 
haploid segregants showed hybrid vigor. He was not referring to dicaryons 
as manifesting hybrid vigor. He distinctly says this of his haploid segre- 
gants. Dicaryotic vigor might very well be expressed when the nuclei of two 
haploid segregants are brought together in the same cytoplasm. Dickson did 
not, however, study growth of dicaryons as compared with that of the indi- 
vidual components. Such a study would no doubt have borne fruit. After 
rereading the papers referred to above and a third paper by Dickson (1936) 
one must be convinced of the necessity for distinguishing heterocaryotic 
vigor, and individual haploid segregant vigor from each other and both 
from true hybrid vigor. If we do this we shall avoid confusion, we shall be 
better understood and, what is more important, our students will think more 
clearly when we are discussing growth, reproduction and inheritance in the 
fungi. 

SUMMARY 

A new yellow non-conidial dwarf race. Dwarf 16, which by itself grows 
very slowly, about 2 cm. per week, reacts as a unisexual race, sex a, when 
grown with the tester races C4 and C8 of Netirospora tetrasperma. When this 
dwarf is grown with race which is of the opposite sex, sex A, nuclear mi- 
grations occur so that nuclei of both races come together in a common hetero- 
caryotic mycelium, which shows a great increase in vigor of growth and pro- 
duction of conidia. The new mycelium grows two or three times as fast as 
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does that of race C4. The same phenomenal increase in the growth rate and 
production of monilioid eonidia occurs when Dwarf 16 is grown with race 
C8y which is of the same sex reaction, sex a. This increased vigor is referred! 
to as heterocaryotic vigor and it is distinguished from individual haploid 
segregant vigor and from true hybrid vigor which is expressed in connection 
with diploid organisms. It is suggested that perhaps the hypothesis offered 
by Robbins to account for hybrid vigor in tomatoes, for example, may be ap- 
plied here. That is, the growth substances synthesized by Dwarf 16 supple- 
ment those synthesized by race C4 (or C8) so that the heterocaryotic my- 
celium has an optimum of those vitamin-like substances that control growth. 

Preliminary work in crossing Dwarf 16 with race C4 shows that this 
factor complex is heritable. Some of the haploid segregants carry in turn 
very similar factors for heterocaryotic vigor. 

The New York Botanical Garden 
New York 
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STEM ROT OF TUBEROUS BEGONIA 

John T. Middleton^ 

INTRODUCTION 

Within recent years the tuberous begonia, Begonia tuherhyhrida Voss, 
has become a popular and valuable floricultural crop in California. The 
plant is well adapted to both garden and glasshouse culture, particularly in 
coastal, temperate areas. Tn the summer of 1938 the writer’s attention was 
called to a disease causing the collapse and death of tuberous begonia plants 
in several large commercial glasshouses in the Sau Francisco Bay region. 
Later the same trouble was found in commercial plantings at Capitola, Cali- 
fornia. Upon examination of diseased material it was found that the malady 
was due to a fungous infection. The causal fungi were identified as Pijthium 
intermedium de Bary and P. nltimnm Trow and their pathogenicity demon- 
strated in inoculation tests. It is the purpose of this paper to discuss the 
symptoms of the disease, the causal organisms, host range, and certain con- 
trol measures. 

REVIEW OF LITERATURE 

Species of Pythium have previously been reported as j^athogens of 
Begonia spp. In 1925 Braun (1925) reported that Pyihhim dcbaryannm 
Hesse, P, deharyanum var. pelargonii Braun, and P. splendens Braun were 
capable of infecting an unidentified species of Begonia by inoculation. The 
writer considers P. deharyanum var. pelargonii synonymous with P. de- 
haryanum, Pape (1927) in (Germany stated that leaf cuttings of the Cloire 
de Lorraine begonia {B. socotrana Hook x B. dregei Otto & Dietr.) were 
destroyed in the propagation bench and that P, deharyayinm was probably 
implicated; he later (1933) confirmed this report and added that this and 
other Pythium spp. were the causes of a seedling disease. Flachs (1931) 
also mentions P. deharyanum as the cause of a seedling disease of Begonia 
spp. Sharpies (1930) reported a natural infection of an unidentified species 
of begonia in Malaya by P, splendens; no description of the disease was 
given. Swift (1932) in New York described some control measures for a le^f 
and stem rot of B, semperflorens Link & Otto caused by P. deharyanum. 
According to Dr. B. O. Dodge, ^ Swift’s fungus was later identified by 
Charles Drechsler as P. ultimum. In 1938 (Middleton et al., 1938) a disease 

1 Grateful appreciation is cKprcssod to Professor M. W. Gardner, Division of Plant 
Pathology, University of California, for advice and assistance and the use of controlled 
temperature facilities. 

2 In correspondence with the writer, Nov. 22, 1938. 
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affecting the roots, crown, basal portion of the stem and leaves of B. semper- 
florens was reported as occurring both in California and Missouri ; the causal 
agents were designated as P. debaryanum, P. splendens, and P. ultimum. 
Subsequently the writer (Middleton 1938) presented a preliminary report 
of natural infection of tuberous begonia by P. intermedium and P. ultimum, 
and also described a stem rot of B. Iloydii (horticultural name) caused by 



Flo. 1. stem rot of tuberous begonia: A, non-inoculated control; B, s symptoms pro- 
duced on young tuberous begonia plant by Pythium intermedium 16 days after inoculation 
in the greenhouse. The lesion is sunken and vertically disposed, consuming a large portion 
of the stem. Identical symptoms are produced by P. ultimum, 

P, ultimum. This was followed by a report (Nance 1939) that a Pythium 
sp. was responsible for a stem rot of tuberous begonia in New York and New 
Jersey. A culture of the latter fungus was obtained from Dr. A. W. Dimock 
and identified as P, ultimum, 

SYMPTOMS OP THE DISEASE 

The stems of naturally infected plants exhibit light brown, watersoaked 
lesions which are not usually sunken but occasionally may be. These lesions 
are vertically disposed and vary somewhat in size, though generally from 
5 to 28 mm. in length and 3 to 8 mm. in width (figs. 1 A, B, 2). Lesions often 
coalesce, encompassing the stem, in advanced stages of the disease. Occa- 
sionally petiole and lamina infections have been observed. Petiole symptoms 
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resemble those of diseased stems j infected laminas have irregularly defined 
watersoaked areas which turn brown and become flaccid, the entire blade 
eventually collapsing. 

Natural root and tuber infections have seldom been observed. When roots 
and tubers are infected they are discolored, watersoaked, and later pass into 
a flaccid state. 



Fig. 2. Stem rot of tuberous begonia: X, Natural stem infection due to infection by 
Pythivm intermedium. This type of darkened, not usually sunken lesion is most common 
and is usually associated with a leaf axil ; this symptom is usually produced about 7 days 
following infection. Identical symptoms are produced by P. nltimum. 

Petal infection has also been noted to occur under conditions of excessiv'fe 
overhead irrigation ; petal symptoms are comparable with the laminar symp- 
toms presented above but may be confused with those caused by Botrytis 
cinerea Pers. These symptoms are easily differentiated only if Botrytis is 
sporulating. 

THE CAUSAL ORGANISMS 

The fungi, Pythium intermedium and P. ultimum, were readily obtained 
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ill pure culture from diseased material by tissue plantings made on plain 
water agar. The use of this medium permitted isolations to be made from 
badly diseased material without complication by contaminants. 

Morphology. Both organisms produce a copious amount of white cot- 
tony aerial mycelium when grown on cornmeal, oatmeal or potato-dextrose 
agars. Pythium intermedium displays a pulvinate habit of growth, whereas 
that of P. ultimum is arachnoid. The hyphae of both organisms are cylindri- 
cal, smooth, nonseptate when young, measuring 1.7-6.5 p in diameter (mean 
3.5 n) becoming septate with age. 

Sporangia are produced freely on the substrates used, being most numer- 
ous on potato-dextrose agar; extramatrical sporangia predominate over 
intramatrical ones. The sporangia of Pythium ultimum are borne singly and 
are spherical when acrogenous, measuring 15.3-27.6 p in diameter (mean 
20.3 |.i). Occasional intercalary^ bodies are found Avhich are limoniform and 
vary in size from 16.1 p in width and 19.5 p in length to 23.7 p and 27.4 p, 
respectively (mean 19.1 p x 22.8 p). The sporangia of P. intermedium are 
typically catenulate, though occasionally borne singly and then terminal. 
Catenulate sporangia are usually spherical, measuring 17.3-24.7 p in diam- 
eter (mean 21.5 p), often up to 13 in a series, sessile or separated by short 
stalks. Sessile sporangia are sometimes pyriform. 

Transfers of mycelial fragments from four-day old pea-broth cultures 
produce an abundance of sporangia when placed in sterile distilled water. 
The production of a vesi(4e at the tip of a short evacuation tube and the 
subsequent liberation of zoospores was commonly observed in P. inter- 
medium. Sporangia of P. intermedium were also seen to germinate by the 
production of one to three germ tubes. All attempts to induce zoospore forma- 
tion in P. ultimum were unsuccessful, the sporangia germinating by the 
production of from one to five germ tubes. 

Oogonia of Pythium ultimum are produced freely when the fungus is 
grown on plain water agar. Oogonia are largely intramatrical, acrogenous, 
spherical, with a smooth, thin wall, measuring 17.1-25.3 p in diameter (mean 
20.6 p). Antheridia are invariably of monoclinous origin and single, arising 
immediately below the oogonium and adjacent to it, somewhat clavate, short, 
upeurved, the apex contacting the oogonial wall. Infrequently two antheridia 
may be applied to the oogonium, in which case one of them is usually of 
diclinous origin from a proximal neighboring hypha. A prominent penetra- 
tion tube is generally discernible. 

Mature oospores of Pythium ultimum are aplerotic (not filling oogonial 
cavity), spherical, with a smooth, thick wall. The contents are somewhat 
granular, containing a single reserve globule and often a subspherical re- 
fringent body. Oospores measure 13.0-21.4 p in diameter (ftiean 16.7 p), 
including the oospore wall which is approximately 2.3 p thick. 
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No oospores have been observed in any of the isolates of Pythium inter- 
medhim; this is in accord with the description of the species given by de 
Bary (1881) in which it is stated that oospores are unknown. 

Temperature Relations. The relation of temperature to growth of the 
mycelium was determined for four isolates of Pythium intermedium and 
four of P. uUimum^ from both stems and leaves of tuberous begonia. The 
culture tubes (2.1x20 cm.) used and the procedure followed in this study 
are those previously described by Tompkins and Gardner, (1935). Each tube 
used is provided with a glass dam at the open end. Thirteen milliliters of 
Difco cornnieal agar (pH 6.0) are added to each tube and allowed to cool to 
a uniform depth with the vessel in a horizontal position ; the dam preveijts 
the escape of the melted agar. 

The tubes were inoculated near the dam at the open end with a small 
square of potato-dextrose agar containing the mycelium of the fungus cut 
from 3 -da 3 ^-old Petri dish cultures. Inoculated tubes were left at room tem- 
perature for 24 hours, the extent of growth at the close of the period being 
indicated by a wax pencil mark on the tube; subsequent measurements were 
made from this point. 

Three tubes of each isolate were placed in a horizontal position in con- 
trolled temperature chambers at intervals of 3°, from 1° to 43® C. The cul- 
tures were incubated for a 72-hour period. The average growth in millimeters 
over 24-hour periods at the various temperatures is presented in table 1. 


TABLE 1 “ 

Mycelial growth of Pythium intermedium and P. ultimum on Difco cornmeal agar at 

various temperatures 


Degrees C. : 

Average growth in millimeters over 24 -hour period 

1 

4 

7 

10 

13 

16 

19 

22 

25 

28 

31 

34 

37 

40 

43 

Isolate 
















P. intermedium 
















Stem 

2 

4 

7 

n 

14 

16 

21 

23 

22 

21 

5 

t* 

0 

0 

0 

Stem . 

1 

4 

7 

9 

13 

16 

20 

23 

23 

21 

2 

0 

0 

0 

0 

Leaf 

1 

4 

7 

9 

12 

16 

19 

23 

24 

19 

8 

I 

0 

0 

0 

Leaf 

2 

4 

7 

10 

13 

16 

20 

24 

23 

20 

2 

0 

0 

0 

0 

P. ultimum 
















Stem 

0 

1 

4 

8 

14 

18 

26 

28 

34 

32 

19 

16 

2 

t 

0 

Stem 

0 

1 

6 

10 

14 

17 

23 

26 

32 

32 

16 

12 

1 

0 

0 

Leaf 

t 
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6 

13 

15 

18 

23 

27 

31 

34 

30 

23 

t 

0 

0 

Leaf 

0 

1 

3 

9 

14 

17 

23 

29 

33 

34 

32 

17 

1 

0 

0 


* t = trace. 


The minimum temperature for growth of Pythium intermedium is ap- 
proximately 1°, the optimum from 22® to 25°, and the maximum 34° C. ; the 
minimum temperature for growth of P. ultimum is approximately 4°, the 
optimum from 25° to 28°, and the maximum 37° C. 
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While there are no recorded temperature relations of P. intermedium in 
the literature, the values given for P. ultimum are similar to those recently 
summarized (Tompkins et al. 1939). 

Pathogenicity. Young tuberous begonia plants were grown in auto- 
claved soil in 6-inch x)ots. Pure cultures of Pythium intermedium grown on 
sterilized cracked wheat were added to the soil in one set and P. ultimum to 
that in a second set; to a third group was added sterilized cracked wheat. 
After from 14 to 20 days, 85 per cent of the plants in infested soil exhibited 
basal stem lesions. A few yellowed and wilted in the absence of any visible 
stem lesions; most of these were growing in pots infested with P. ultimum, 
although a few were observed to occur in pots in which P. intermedium was 
present. On removal these plants showed extensive root infection. Plants 
growing in soil containing only cracked wheat remained healthy. 

Isolations made from artificially infected stems and roots proved patho- 
genic upon reinoculation, producing symptoms indistinguishable from natu- 
ral infection. 

In order to induce infection on the upper portion of the stem, probably 
naturally accomplished by zoospores and detached sporangia, small agar 
blocks (‘ontaining the fungus mycelium were placed in the unwounded axils 
of the leaves and covered wdth sterile absorbent cotton saturated with sterile 
distilled water. After from 5 to 8 days infection was discernible. Pythium 
ultimum proved to be somewhat more pathogenic than P. intermedium when 
this technique was used. Isolations made from infected areas proved patho- 
genic upon reinoculation. No infection occurred when agar blocks devoid of 
fungus mycelium were similarly applied. 

Leaf infection was obtained by placing agar squares containing the 
fungus on undetached and unwounded laminas. Plants so inoculated were 
placed in a moist chamber for 3 days and then removed to the plant bench. 
Two to 3 days later watersoaked areas developed which, upon isolation, 
yielded pure cultures of whichever fungus had been applied. 

Further tests wdth both Pythium intermedium and P. ultimum demon- 
strated that stem and leaf isolates were equally pathogenic upon cross inocu- 
lation. 

An experiment was devised to ascertain the ability of both P. inter- 
medium and P. ultimum to cause damping-off of tuberous begonia seedlings. 
Two lots of five 6-ineh pots each were filled with soil artificially infested with 
pure cultures of the fungi grown on cracked wheat; over this was placed 
one-quarter inch of sterile soil. Twenty-five seeds were then sown in each pot 
and the pots subirrigated. Two pots of soil mixed with sterile cracked wheat 
were similarly sown. Three weeks later the following survival counts were 
made : P. intermedium 53, P. ultimum 6, and checks (not inoculated) 202. 

The pathogenicity of P. intermedium and P. ultimum to rooted cuttings 
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of Begonia semperftorens was determined. Using the soil and pot procedure 
described above, 50 pots each were inoculated. From two to three weeks later 
all the plants inoculated with P, ultimum showed root rot to the exclusion 
of any stem lesions as typified in inoculation experiments with B. tuber- 
hybrida. All plants inoculated with P. intermedium were apparently healthy. 

The pathogenicity of both P. intermedium and P. ultimum to stems and 
leaves of Begonia Iloydii was conclusively demonstrated by employment of 
the agar block technique already given. 

CONTROL 

Since the causal organisms are soil fungi, the disease may be adequately 
controlled by soil sterilization. Proper precautions should likewise be taken 
to insure use of sterile pots and flats. 

When potted plants are grown in close proximity to one another the dis- 
ease assumes considerable importance. In such instances the disease is often 
distributed throughout the plot by means of leaf infections due to the over- 
lapping and contact of these parts. Excessive irrigation is conducive to the 
disease, particularly when watered by an overhead sprinkling system. In 
order to overcome these difficulties a good cultural practice should be estab- 
lished and maintained. Such a program would necessarily include projier 
spacing of plants, moderation in watering, abolishment of overhead sprink- 
ling practices and provision made for good aeration of glasshouse space. If 
the disease assumes epidemic proportions and it is deemed necessar/to rely 
upon fungicidal control, copper-containing sprays such as ammoniacal cop- 
per, Bordeaux, Burgundy, or Cuprocide may be employed. Swift (1932) 
recommends soil applications of semesan. 

SUMMARY 

A stem rot of tuberous begonia, Begonia tuberhybrida, occurring in Cali- 
fornia, New York, and New Jersey is described. 

The disease may attack plants of any size or age and is most severe under 
conditions of high soil and air moisture and from moderate to high tem- 
perature. 

Symptoms of the disease consist of soft, unsunken or sunken, watersoaked 
lesions which are vertically disposed and may ultimately encompass the stem, 
causing the stem to collapse. Root, petiole, lamina, and petal infections are 
also reported. 

The causal organisms are Pythium intermedium and P. ultimum. 

The temperature-growth relations of the organisms were determined. 
The values for P. intermedium are : minimum 1, optimum 22-25®, maximum 
34® C. ; the values for P. ultimum are : minimum 4®, optimum 25-28®, maxi- 
mum 37° C. 
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Infection of healthy tuberous be^^onias was obtained by artificial inocu- 
lation. Begonia Iloydii was found susceptible to both causal organisms; B, 
semperflorens was susceptible only to P. ultimiim. 

The causal fungi w^ere able to cause damping-off of tuberous begonia 
seedlings. 

The disease may be satisfactorily controlled by using sterile soil, pots, 
and flats, good cultural procedures, and copper-containing fungicides. 

Division of Plant Pathology, University of California 
Riverside, California 
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THE DEPENDENCE OF CERTAIN ANNUAL PLANTS ON 
SHRUBS IN SOUTHERN CALIFORNIA DESERTS 

F. W. Went 

For the plant physiologist one of the most intriguing problems of plant 
ecology is the question why a given plant grows in a given place. Certain 
aspects of this problem are under investigation and are fairly well under- 
stood. The distribution of plants is partly determined by climate, partly by 
soil, and partly by biotic factors such as seed distribution. But within a given 
set of climatic and soil conditions a large number of species can occur. The 
plant sociologist has grouped these species into well defined units which are 
termed plant communities, associations, etc. It is assumed that within each 
of these communities micro-climatic and soil conditions and survival values 
are such that the members of this particular community are favored over 
others so that the community as such persists. 

It is not intended in this paper to examine critically the various factors 
which contribute towards the distinctness of a community. The survival 
values, mutual elimination, and similar Darwinian concepts are probably 
overrated in their influence on communities (see Kooper 1927). Besides, 
these factors, being only names for complexes themselves, are in grejit need 
of critical study before they can be accepted as a basis for explanation. 
Everyone who considers the fact that almost identical collections of plants 
are grown in scores of botanic gardens in widely dilferent soils and climates 
is constrained to admit that the potential range of environmental conditions 
for many individual plants is far larger than the actual range of the com- 
munities in which such plants normally grow. Many assumptions have been 
made to bridge this gap between experience and theory, but most are more 
ingenious than likely. 

Most natural plant communities are highly complex and the factors which 
result in the establishment of these communities include : climate, chemical 
and physical composition of soil, water, supply and germination of seeds, 
succession stages, history of previous vegetation, climate and soil conditions 
at the time of establishment of the community, etc. This complexity makes an 
analysis of the causal relations between the plants in a community well-nigh 
impossible. In a few cases, however, a clearer insight has been obtained by 
analyzing communities which occur under relatively simple conditions. A 
few papers of importance for our problem will be discussed in some detail. 

The first paper is one by Kooper (1927), who studied the pioneer weed 
communities which appear immediately after plowing of the (mostly weed- 
less) rice and sugar cane fields in the plains of Pasuruan in East Java. When 

100 
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left fallow for several months these fields develop a rich vegretation of an- 
nuals. Within a limited area (10 x 10 m.) never more than 30 species (17 as 
a mean) out of a possible 300 weeds occurring in the whole region were found 
by Kooper to be growing together. The abundance of a single species did not 
change gradually, but the changes were very abrupt and were parallel for 
a number of species. In this way a limited number of weed communities is 
formed, each characterized by a fairly large number of constantly associated 
species. The limits of these communities are relatively sharp, so that one com- 
munity with its typical constants suddenly changes into another community 
with a number of different constants over a distance of a few meters. One of 
the most remarkable facts found in connection with these communities was 
that their composition was already determined at the time of the germination 
of the seeds. In special germination experiments Kooper sowed sets of viable 
seeds in recently plowed soil normally carrying communities which lack 
these species. The results were definite. Only when the species sown normally 
occurred in the community would they germinate; otherwise no germination 
took pla(*e at all, and no seedlings developed. Thus the distinctness of the 
community is due to birth control,^’ which very definitely proves that these 
weed communities do not arise through competition and survival of the 
fittest. 

Although association between the various members of one community was 
found, there were no correlations between the physical and chemical proper- 
ties of the soil and the plant communities which grew on them. 

All the observations of Kooper point towards the conclusion that these 
weed communities arise through a mutual influence of the plants on each 
other, and more specifically through influence of the previous vegetation on 
the germination of seed. This mutual influence cannot be due to physical 
factors, such as shading, since the nature of the communities is already deter- 
mined at the time of germination. It seems highly probable, therefore, that 
there is a chemical inter-relation between the plants in one community which 
determines their germination and occurrence. 

Critics of Kooper have questioned the general occurrence in Java of the 
phenomena studied by him. From personal experience, however, I can con- 
firm his observations. In fallow rice fields near Semarang in the middle part 
of Java, with climate somewhat different from that of Pasuruan, I observed 
the same communities in which all constants occurred in the same relative 
abundance. This also is a good argument against the supposition that the 
composition of these weed communities is determined by climatic conditions. 

In an investigation of the epiphytes in a tropical rain forest another type 
of mutual influence between plants was found (Went 1940). When the occur- 
rences of the various epiphytic ferns, orchids, Ericaceae, etc., \vere noted in 
connection with the host tree on which they were growing, it was discovered 
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that certain epiphytes are foiiiicl almost exclusively on certain host trees. 
This relation is so constant that trees can be identified by the epiphyte com- 
munities which they harbor. This relationship is apparently not due to physi- 
cal properties of the host tree or microclimatic differences in the habitat 
which the various host trees offer. Therefore, we reach a conclusion similar 
to that of Kooper: namely, that the occurrence of one plant, the host tree, 
determines the presence of a certain number of other plants, epiphytes, 
through some unknown agent, presumably chemical. 

If such distinct causal relationships between the members of communities 
exist, it becomes necessary to determine whether similar relations exist in 
other plant communities and whether the growing together of many plants 
is generally conditioned by mutual influences of these plants. Such influences 
are very hard to demonstrate wherever a continuous layer of vegetation 
occurs, since in that case it is practically impossible to determine (except 
experimental I 3 O which plants arc mutually dependent. In the desert regions, 
however, such inter-relationships should be much easier to investigate since 
their vegetation cover is not continuous and only the plants which are grow- 
ing in groups together and which are separated from others by stretches of 
bare soil could be considered to influence each other. Therefore, a prelimi- 
nary sociological study was made in the Colorado and Mojave deserts in 
Southern California during the spring of 1941. 

In a number of localities occurrence of certain plants, mostly annuals, in 
connection with shrubs was noted. Different types of ecological analysis were 
tried, and finally the following one was adopted, being the simplest and 
giving the clearest results. All shrubs were counted distant 3 m. or less from 
a line followed on foot through the vegetation. In this way the shrub vegeta- 
tion was recorded of a transect with the approximate dimensions of 400 x 8 m. 
The shrubs were classified in two ways; in the first place, according to their 
species ; and in the second place, according to whether or not a certain annual 
was found in close association with the shrub in question. Results of such 
ecological analyses are brought together in tables 1, 3, 4, and 5. From these 
tables it can be seen that some annuals are closely correlated with certain 
shrubs and seem to avoid others. The shrubs which favor one annual do not 
always harbor certain other annuals, and vice versa. A very clear case of 
such vicarious occurrence is provided by Caulanthtis lasiophyllus (H. & A.) 
Payson and C. cooperi (Wats.) Payson (see table 3). 

By analyzing vegetation in this way it is soon found that a certain num- 
ber of annuals bear no relation at all to any shrubs or other pre-existing 
vegetation. They are found predominantly in open spaces between shrubs, 
and generally these are the plants which form the marvelous mats of color 
which adorn our deserts in spring. They seem to grow equally well, or some- 
times even better, in places where they have no direct contact with other 
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TABLE 1 

Occurrence of six plants (annuals except Hilaria) with different shruhs in Borego Valley 
Figures in brackets refer to plants growing with dead shrubs 



Encelia farinosa Gray (living) 

Encelia farinosa Gray (dead) 

Franseria dumosa Gray 

Hymenoclea salsola T. & G. 

Hyptis emoryi Torr. 

Dalea schottii Torr. 

6 

« 

>- 

c 

!k 

0 

% 

.5f 

w 

3 

'o 

tti 

a 

W 

« 

su 

w. 

e 

c 

o 

s 

•2 

s 

ft. 

c 

Krameria canescens Gray 

Mirahilis higelovii Gray 

No connection wdth any shrub 

Total number of plants observed 

No. of shrubs in 
one transect 

248 

84 

172 

136 

51 

46 

12 

13 

8 

3 


772 

Per cent shru])s 
bar boring one 
or more speci- 
mens of tlie 
herbs 

J^hacelia dis- 
tans Bentb. 

30 

(57) 

50 

68 

47 

20 

7 

46 

62 

100 


352 

Afalacothrix 
calif orn ica 

DC. 

5 

(35) 

27 

15 

14 

4 

25 

31 

12 

0 


125 

Emmenanthe 
peduli flora 
Bentb. , 

4 

(.36) 

3 

20 

27 

9 

i 8 

(31) 

0 

30 


99 

Bafinesqnia . 
ncomexirana 
Cray 

1 

(11) 

12 

4 

0 

- 

0 

8 

12 

70 


45 

llilaria riqida 
Tburl).) ‘ 
Bentb. 

o 

(6) 

8 

4 

(2) 

0 

0 

0 

0 

0 


38 

Eschseholtzia 
minuti flora 
Wats. . 

0 


0 

5 

(4) 

4 

! 0 

(31) 

0 

0 


22 

Per cent distri- 
bution of eacli 
berb among the 
shrubs 

Thacelia 

21 

(14) 

25 

26 

7 

2 

: 1 

2 

1 

1 

0 


Malacothrix . 

9 

(23) 

37 

17 

6 

2 

1 o 

3 

1 

0 

0 


Emmenanihe 

10 

(31) 

0 

27 

14 

4 

: 1 

(4) 

0 

1 

2 


Bafinesquia ... 

7 

(20) 

47 

13 

0 

2 

: 0 

2 

2 

5 

2 


Hilar ia 

13 

(13) 

34 

13 

(3) 

0 

! 0 

0 

0 

0 

24 


Eschscholfsia 

0 

0 

0 

32 

(9) 

9 

1 0 

(18) 

0 

i 

0 

32 
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TABLE 2 

Length of main stem and nmiber of flowers of Eafincsquia neomexicana, growing in 
various shrubs in Bore go Valley 



Number of 
specimens 
measured 

Length in cm. 
(with extremes) 

Number of 
flowers 

Tn open, not with shrubs 

4 

16(10-25) 

1.7 

Unknown dead shrubs 

5 

19(15-25) 

1.8 

Bead Encelia farinosa 

6 

35(25-55) 

5.0 

Living Encelia farinosa 

1 

30 

4.0 

Bead Opuntia echinocarpa 

2 

25 

3.0 

Living Opuntia echinocarpa 

1 

60 

17.0 

Larrea tridentata 

2 

30(25-35) 

3.5 

Dalea schottii 

4 

45(25-65) 

5.0 

Franseria dumosa 

10 

55(35-70) 

9.5 


plants. In general, it can be said that the closer these plants grow together 
the smaller they remain. They are not more vigorous in the neighborhood of 
shrubs than they are in the open. 

Many other plants are found both under or near shrubs and in the open. 
These plants may or may not show a preference for certain shrubs. In gen- 
eral in this group there is not a very large size difference between the free- 
growing plants and those growing near shrubs. 

The third category, however, consists of annuals which are always found 
near shrubs. If such a plant has accidentally germinated away fjrom any 
shrub, its development is extremely poor and its size is only a fraction of 
what it normally is. Examples of such plants are Phacelia distans Benth., 
P. tanacetifolia Benth., Caulanthus coojyeri, Rafinesquia neomexicana Gray. 
In table 2 the sizes and number of flowers of the latter plant have been noted 

TABLE 3 

Occurrence of annuals in connection with shrubs growing in hills north of Kramer, 

Mojave Desert 



Total 
number 
of shrubs 
observed 

i 

j Per cent shrubs hurboring annuals 

Caulanthus 
lasiophyllus 
(H. & A.) 
Payson 

Caulanthus 

cooperi 

(Wats.) 

Payson 

Phacelia 
tanaceti- 
folia Benth. 

Franseria dumosa Gray i 

j 60 

15 

60 

75 

Aster abatu^ Blake 

1 40 

10 

10 

5 

Larrea tridentata Cov 

15 

100 

20 

90 

Lycium andersonii Gray 

18 


15 

100 

Grayia spinosa (Hook.) Moq 

16 

i 60 

30 

100 

Ephedra nevadensis Wats. (1) 

3 

i 50 

100 

80 

Composite (Tetradymia ?) 

11 


60 


Unknown dead shrub 

3 

100 

100 


Free, not connected with shrub 


1 Many 

Few 

Very few 
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TABLE 4 

Occurrence of Bafinesquia ncomexicana Gray in connection with different shrubs. 
Approximate number of shrubs observed, total number of Bafinesquia present in those 
shrubs and percentage occurrence with each shrub noted for three different localities in 
the Eastern Mojave desert. 


Locality 


Name of shrub 

North of Ludlow* 

East of Ludlow 

South of Amboy 

No. of shrubs 

No. of 
Bafinesquia 

Per cent 
occurrence 

No. of shrubs 

No. of 
Bafinesquia 

Per cent 
occurrence 

No. of shrubs 

e 

o't 

Per cent 
occurrence 

Krameria canescens Gray 

7 

5 

70 

12 

4 

30 

10 

4 

40 

Franseria dumosa Gray .... 

4 

2 

50 

170 

7 

4 

200 

17 

9 

Hymenoclea salsola T. & G. 

250 

35 

14 







Larrea trident ata Cov 

50 

6 

12 

100 

2 

2 

lob 

0 

0 

Opuntia \ 

Unidentified composites j 

500 

20 

4 




25 

0 

0 

Lepidium fremontii Wats. 





... 




100 

0 


Dead plants 

. ... 

23 



i 



2 


Ephedra 




.. 




150 

7 

7 

Free, not with shrubs 


2 




3 



1 



* Observations by Mr. P. Gorham. 


TABLE 5 

The occurrence of Phacelia distans and of Delphinium parishii with various shrubs, near 
Palmdale (S, W, Mojave Desert) 

The reliability of a first analysis was checked in an adjoining region, where only 
the occurrence of Delphinium was noted, which was percentually almost identical with 
the first analysis. Mean of first and second analysis used for calculation of percentual 
occurrence. 



Total No. 
of shrubs 
observed 

Phacelia dis- 
tans Benth. 
present 

Delphinium parishii 
Gray present in 


in first 
analysis 

^0.^ 

Per 

cent 

First 

analysis 

Second 

analysis 

Per 

cent 

Lycium andersonii Gray 

18 

12 

67 

3 

1 

11 

Hymenoclea salsola T. & G. . . 

8 

I 4 

50 

1 

1 

12 

Eurotia lanata (Pursh.) Moq. . 

17 

' 8 

47 

0 

0 

0 

Tetradymia spinosa H. & A 

30 

i 12 

40 

2 

2 

7 

Grayia spinosa (Hook.) Moq 

29 

8 

28 

1 

2 

5 

Yucca brevifolia Engelm 

7 

2 

28 

0 

0 

0 

Ephedra nevadensis Wats 

24 

5 

21 

8 

9 1 

36 

Stipa speciosa Trin. & Rupr 

35 

3 

9 

5 

12 

24 

Acamptopappus sphaerocephalus 
(Harv. & Gray) Gray var. hir- 





14 

18 

tellus Blake 

75 

2 

3 

13 

Eriogonum sp 

18 

0 

0 

4 

1 

14 

Mirabilis bigelovii Gray 

6 

0 

0 

1 

0 . 1 

8 

opuntia eehinoearpa Engelm. & 







Bigel 

0 





1 1 

26 

Dead shrubs 

54 

3 

6 

11 

. 12 i 

Free growing 


0 


0 

1 


Total number 

321 

59 


49 

56 
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in connection with the place where it was growing. It will be seen that there 
is a very close correlation between the frecpiency of occurrence with a given 
shrub (see table 1) and the size of Bafinesquia, This is an independent indi- 
cation that the frequency of occurrence of this plant is due to better growing 
conditions. 

If we ask now what conditions are responsible for the occurrence of cer- 
tain annuals with certain shrubs, the following points should be considered. 

(1) The shrub may offer more favorable microclimatic conditions than 
are found in the open. If this were the case, then we would expect that all 
shrubs of a given size and foliage density would be equally suitable for given 
annuals. This is definitely not the case, and shrubs of comparable size and 
density, such as Franama and Encelia, are very different in their aptitude 
for harboring annuals. 

(2) The same thing can be said of the effect of shrubs on the accumula- 
tion of seeds by wind, etc. There is generally a preference on the part of the 
annuals for one side of the shrub, where they will be found growing in 
greater abundance. This is especially marked with the larger shrubs, and Dr. 
J. van Overbeek attributes this to the prevailing winds which cause an 
accumulation of organic material, such as fallen leaves, at the leeward side. 
This effect of wind, however, does not influence in any way the occurrence 
of certain annuals with particular shrubs. 

(3) One finds many small clusters of shrub-associated annuals growing 
apart from shrubs, but almost invariably one will find in such clusters the 
remnants of a shrub in the center of such a cluster. In many clusters it is still 
possible to identify the dead shrub; and it is most interesting to note how, 
for instance, the soil around Encelia becomes a much better growing medium 
for Phacelia or Bafinesquia once the shrub is dead. This observation invali- 
dates the argument that the physical influences of the shrub, such as shading, 
condition the occurrence of the annuals. That shading is not an important 
physical factor for the occurrence of many shrub-associated annuals is also 
evidenced by the fact that cacti, such as Opuntia cchinocarpa Engelm. & 
Bigel., offer excellent growing conditions for Bafmesquia, e.g. 

(4) In some localities the correlations between the shrubs and plants are 
much more pronounced than in others. This was noted, for example, for 
Bafinesquia; whereas near Barstow not a single specimen was found apart 
from Pranseria, in Borego Valley it was, although closely associated, not 
exclusively found with Pranseria; and near the station “Ocotillo’’ most of 
the Bafinesquia grew outside Pranseria bushes. This was obviously caused by 
recent floods. Near Barstow the surface of the desert had been undisturbed 
for many years, and very few plants of any sort grew in the open away from 
shrubs. Near ‘‘Ocotillo^’ opposite conditions existed. Floods had recently 
disturbed the surface, and organic material was distributed all over the sur- 
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face of the desert. In this locality, not only Bafinesquia, but a number of 
other plants commonly associated with shrubs were growing free. This is the 
same phenomenon that is observed along roads where scrapers have piled up 
a ridge of scraped-off sand still containing organic material, which is 
thoroughly mixed. On those ridges, not only shrub-associated annuals grow, 
but also certain fungi, such as Podaxon. 

Vegetation in Borego Valley. With the help of Dr. C. Epling, Dr. J. 
van Overbeek, and Mr. P. Gorham, a sociological study was made of the vege- 
tation of the bajada at the mouth of Palm Canyon. This is a gently sloping 
field of sand mixed with gravel and occasional large stones. Being an alluvial 
fan, it is of very recent origin, but the surface apparently had not been dis- 
turbed for several years. To get an idea of the general distribution of the 
flora in this area, all the plants in a square of 8x8 meters were recorded. 
Within the chosen square which was typical of the region occurred one large 
shrub, Hifptis emoryi Torr., with a crown of 2 meters in diameter, 14 well- 
developed spe(*iniens of Eneclia farinosa Gray, each with a diameter of ap- 
proximately 1 meter, and 1 young specimen of the same species, 8 well-devel- 
oped Hymenoclea sahola T. & G. and 2 young specimens. Nemacladus ramo- 
sissimus Nutt, covered almost half the surface of the bare soil between these 
shrubs, but because of its thread-like stems and ‘^protective coloration^’ only 
close observation revealed its presence. Among the larger annuals Phacelia 
distans and Langloimi schottii (Torr.) Greene were the most common, cover- 
ing about 15 per cent of the surface of the area. The Phacelia was growing 
exclusively with Encelia and Hyptis; Langloma was scattered in between 
the shrubs. Next in abundance were Chaenacfis fremontii Gray, Filago ari- 
zonica Gray, and Bromm ruhens L., covering from 2 to 5 per cent of the sur- 
face of the s(|uare. Less abundant were Malacothrix californica DC., En- 
phorhia polycarpa Benth. var. hirfella Boiss., Mimulus bigclovii Gray, Nama 
demissiim Gray, Oenothera leptocarpa Greene, 0. micrantha Hornem. var. 
exfoliata (Nels.) Mimz, Emmenanthe penduliflora Benth., Salvia colum- 
hariae Benth., and Lotus tomentellus Greene, each represented by 10 to 40 
specimens. Still fewer plants occurred of Bafinesquia neomexicana, Ca- 
lyptridium monandrum Nutt., Monoptilon bellioides (Gray) Hall, and 
Tillaea erecta H. & A. Over a larger area, of course, more species were en- 
countered within this region, and table 1, column 1, summarizes the total 
number of shrubs counted within a transect. This gives a good idea of the 
frequency of these shrubs on the part of the bajada studied. In addition to 
the annuals enumerated above, about 15 others were found in this area. 

As mentioned above, a number of plants grow predominantly in the open 
spaces between the shrubs. To these belong : Mimulus bigelovii,^ Filago ari- 
zonica, Nama demisstm, Nemacladus ramosissimus, N. longiflorus Gray, 
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Lotus tomentellns, smaller specimens of Chaenaciis fremontii, Euphorbia 
polycarpa, Oenothera micrantha, 0. brevipes Gray, Monoptilon bellioides, 
Achyronychia cooperi T. & 6 ., Lepidium lasiocarpum Nutt., Tillaea erecta, 
Chorizanthe brevicornu Torr., Cryptanthe micrantha (Torr.) Johnston, 
Bromns rubens, and Eriogonum reniforme Torr. & Frem. Some of the other 
plants which are more commonly found near shrubs have been entered in 
table 1. Columns 2-7 give the percentage of shrubs harboring these annuals. 
These percentages show that Phacelia is common around practically all 
shrubs, but that with Dalea, Larren, and living Encelia, fewer specimens are 
found. Since the abundance of the various shrubs is not the same, the data 
have been calculated also in a different way, and in columns 8-13 the per- 
centage of the total number of each annual found is entered in connection 
with the shrub. A critical examination of this table shows* that important 
differences exist in this region between various shrubs as far as their aptitude 
for harboring different annuals is concerned. As a first example should be 
mentioned the difference between living and dead Encelia. With both Pha- 
celia is fairly abundant, but Malaeothrix, Emmenantlie, and Rafinesquia are 
far more common with dead than with living Encelia. Whereas Fran.seria is 
an equally good habitat for Phacelia as is dead Encelia, it is far poorer for 
Emmenanthe but equally good for Rafinesquia. The last columns show that 
about half of all specimens of Rafimcsquia, for instance, occur with Fran- 
seria; whereas only 6 per cent of all Emmenanthe plants are found near this 
shrub. ^ ' 

Under slightly different soil conditions some differences in the specificity 
of shrubs for certain annuals may be found, but as a general rule it can be 
said that the less disturbed the soil surface, the more pronounced are the 
correlations between annuals and shrubs. In a number of other localities 
less extensive sociological analyses were carried out. 

The Mojave desert. In a region north of Kramer the terrain is slightly 
hilly, with rounded hills of decomposed granite in between the wide washes. 
Only the hills were investigated by noting the shrub-associated annuals in a 
transect. Table 3 presents some of the data for this region. The behavior of 
two Caulanthns species, namely, C. lasiophyUus and C. cooperi, is extremely 
interesting. The latter species grows quite consistently within shrubs of 
Franseria, although mostly only one single specimen per shrub. It gro\VS 
occasionally with some of the other shrubs but seems to avoid most of them. 
Whenever it is growing under Larrea, specimens are very small, and only 
a few times did I see a small specimen growing out in the open. The behavior 
of Caulanthus lasiophyUus i& practically complementary to that of the first- 
named species. It is found only very occasionally with Franseria, but is the 
constant companion of Larrea, and also is found more often in the open. 
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The behavior of Phacelia tanacetifolia differs from both of the preceding 
species in that it is common both under Franseria and Larrea, 

In a different locality just south of the town of Mojave Phacelia tanaceti- 
folia behaved differently. It grew there under 70 per cent of all Larrea 
bushes, whereas it was found under only 2 per cent of Franseria, which is 
also quite common there. Only a few plants grew free, but they were ex- 
tremely short and small, less than one fourth of the size of those growing 
under the Larrea. 

Just south of Barstow Rafinesqtiia was found again in limited numbers. 
It was found there in one transect with 8 of the 50 Franseria bushes, whereas 
under none of tlie 14 Larrea, 3 Grayia, and 2 Mh^ahilis was it observed. 
Near Adelanto Kafinescjuia was found with 9 per cent of all shrubs of Atri- 
'plex lentiformis (Torr.) Wats. ( ?), with 4 per cent of the Franseria dumosa 
Gray, and twice it grew with a dead plant. In not a single place was it found 
growing free or with Larrea. This behavior is similar to that of Rafinesqiiia 
observed in the Borego desert. 

Farther east three localities, two near Ludlow and one south of Amboy, 
were visited, and the occurrence of Rapiesquia was recorded. Table 4 shows 
the results in a condensed form. Although the abundance of Rafinesquia 
varied greatly, in general the figures agree : Whenever Krameria occurs, one 
has a better than 1 : 3 chance that Rafinesquia will be present. For Franseria 
the figures vary more, but in every instance it is a poorer habitat for Ra- 
finesquia than Krameria is, and twice as good as Larrea is. In this connec- 
tion it should be pointed out that the shrubs of Larrea are many times larger 
than are those of Franseria, so that on a purely statistical basis the chance 
that Rafinesquia would occur under Larrea is many times greater than under 
Franseria. Since there are also many more other annuals growing under a 
Larrea than under a Franseria, there is more chance that one of those others 
has a favorable influence on Rafinesquia, so that the preference of the latter 
for Franseria is far more pronounced than the mere figures in the table indi- 
cate. 

Another very clear correlation between annuals and shrubs is presented 
by the occurrence of Deljyhinium jjarishii Gray in the Mojave desert. Table 
5 condenses the data of the observations near Palmdale. The shrubs have 
been arranged in the order of decreasing occurrence of Phacelia distans. 
For Delphinium especially those shrubs are most suitable which do not favor 
Phacelia. Only once were these two annuals found growing together within 
the same shrub. By independence this would have been expected about 9 
times. This proves again, that although the presence of shrubs as such is 
essential for the occurrence of a number of desert annuals, there is also a 
strong specificity on the part of certain annuals for certain Bhyubs. 
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In a diiferent locality — the hills south of Kramer — Delphinium was also 
quite common, but there half the specimens (70) grew free, in between 
shrubs. Almost invariably these specimens were smaller than those growing 
with shrubs. The latter grew predominantly with Aeamptopappus sphaero- 
cephalus (Harv. & Gray) Gray (47 specimens, with 12 per cent of all 
shrubs), a few with Frameria dumosa (2 per cent), Aster abatus Blake (3 
per cent), Eurotia lanata (Pursh.) Moq. (1 per cent), and 10 plants had 
developed with dead shrubs. 

To get a complete picture of the distribution of plants over the surface 
of a given desert area, the germination and later growth of the shrubs must 
also be considered. I have only casual observations to mention. Many of the 
desert shrubs germinate and develop into young plants only once every few 
years, when the climatic conditions have been favorable. Even in those favor- 
able years, the number of seedlings is limited. But it is found that Franscria 
seedlings are most often found in open spaces, not associated with pre-exist- 
ing vegetation. The same seems to be true for Larrea. On the other hand, I 
saw seedlings of Encelia growing under other shrubs, such as Franseria, so 
that the common association of Encelia and Franscria bushes seems to be con- 
ditioned by the occurrence of the latter. 

On an old lava flow near Amboy seedlings of both annuals and perennials 
were observed. Sand had filled cracks and depressions in the surface. This 
sand holds a certain amount of moisture during winter, enough for a few 
months’ growth but not enough to carry any plants through tfie summer. 
These lava flows were covered with numerous plants of Oeraea canescens T. 
& G., which can grow on any well aerated soil which has not previously had 
a covering of vegetation. Between the Geraea a number of seedlings of Larrca 
tridentata Cov., Franscria dumosa, Atriplcx hynienelytra (Torr.) Wats, and 
a few other Atriplex species, and Suaeda friiticosa Forsk. ( ?) were found; 
all perennials, which are often found free-growing on the desert. Few 
annuals had established themselves; in addition to Geraea, a few specimens 
of Nama dcmissum, Achyronychia cooper i, and Cryptanthe sp. were found, 
but none of the species commonly associated with shrubs. Thus the vegetation 
of the lava flow confirms the previous deductions : many shrubs can establish 
themselves in the desert without association with other plants. The same 
is true for annuals commonly found in open spaces between shrubs. But the 
annuals which are normally found only near shrubs were completely lacking 
on this lava flow ; their association with shrubs is essential for their germina- 
tion and growth. 

Another phytosociologically interesting case is presented by the refuse 
dumps of the harvester ants (Pogonomyrmex) , These ants collect the fruits 
of many plants, mostly annuals, which they pick when almost ripe, and trans- 
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port to their nests. There the fruits are opened, the seeds extracted and 
stored, and the carpels are thrown outside the nest in semi- or complete 
circles outside the ring of excavated sand around the nest opening. These 
refuse heaps are interesting for their flora, and can be recognized one or 
more years after the nest is abandoned. In such cases a circle of plants will 
still surround an open space, although it was never occupied by a shrub. 
The species of annuals occurring in these refuse dumps are different from 
those of other groups of annuals. In general Erodium cicutarium (L.) L^Her. 
dominates. Even when no other Erodium is found in the neighborhood, one 
may still find a few specimens near the ants^ nest. Many plants, which are 
otherwise found only near shrubs, grow in the refuse dumps, such as Salvia 
columbariac , Ellisia micrantha (Torr.) Brand, Stephanomeria exigua Nutt., 
and around a few nests even Phacelia distans was present. One will find the 
ants carrying the fruits of these plants, so that not only their distribution, 
but also the accumulation of humus, which is a prere(]uisite for their growth, 
is due to the ants. Certain other plants, although growing free on open 
spaces, are much more frequent near ant nests, such as Planiago bisularis 
Eastw. var. scariosa Jepson, Euphorbia polycarpa^ Eriogonuni species, and 
Langloisia schottii. This is not due to accumulation of humus since these 
plants do not grow more abundantly near shrubs. Therefore this must be 
due to the seed collecting by the ants, and to the occasional oversight of a 
filled seed pod by the workers. The association of these plants with ant nests 
is comparable with the epiphytic ant gardens of the tropics (Ule 1904, Doc- 
tors van Leeuwen 1929), although several of the epiphytes are found almost 
exclusively in ant nests. 

DISCUSSION 

By stressing the relationship between certain plants in the desert it is 
not intended to imply that this is the only or the most important factor in 
the occurrence of desert annuals. It has been mentioned that many plants 
are apparently completely independent of other plants and grow most 
luxuriantly where no shrubs or perennials are established. Nor does this note 
give all interesting relationships which occur. Almost every trip to the desert 
brings evidence of other correlations. The frequent occurrence of many 
annuals with desert shrubs has been previously observed, as evidenced by 
the habitat description of Rafinesquia neomexicaua, for example, ‘‘Desert 
Mesas, common among bushes^’ (Jepson 1925) ; “Weak-stemmed plant, 
growing in the shade of shrubs and frequently climbing up through them’’ 
(Jaeger 1940). Other quotations from Jaeger run as follows: 

Phacelia distayis: “common under cat’s claw and iron wood.” 

Phacelia tanacetifolia : “often growing about the bases of creosote or 
cat’s claw bushes.” 
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Caulanthus cooperi: “often growing in the protection of shrubs.” 

Chaenactis fremontii: “frequent about the bases of creosote bushes.” 
These descriptions show that in addition to the correlation of these annuals 
with shrubs, Jaeger had even noticed that certain bushes were preferred by 
certain annuals, but to most of the local taxonomists the specificity of the 
occurrence of these annuals seems to have been unknown. 

If we attempt to summarize, the following conclusions are the logical 
outcome of the above observations : 

In the first place, detritus from most shrubs provides a necessary factor 
for the growth of all shrub-associated annuals, both for the less specific spe- 
cies, such as Chaenactis fremontii, as well as for the specific Rafinesqnia, 
For whereas some shrubs in general do not favor the growth of an annual, 
after their death they become a much better medium (see, e.g., Malacothrix, 
Emmenanthe, and Bafinesquia in table 1; their occurrence is increased more 
than fivefold with dead Encelia as compared with living Encelia). 

In the second place, there is a specific effect of shrubs, which must be 
ascribed to specific materials given off by them. These materials seem to be 
produced especially by the living shrub and they determine the specific 
occurrence of definite annuals. No guess as to the nature of these materials 
will be given; this can safely be postponed until experimental evidence is 
available. 

In the description of the occurrence of desert annuals it has been pointed 
out above, that certain physical factors cannot explain the specific occur- 
rence of shrub-associated annuals. For example, shade is not the determining 
factor, since dead shrubs, with practically all branches gone, provide some- 
times a more favorable habitat than living shrubs. If the shrubs acted by 
virtue of their influence on the water content or water holding capacity of 
the soil, all shrubs could be lined up in a series of increasing suitability as 
habitat for annuals, and this series should be the same for different annuals. 
This is definitely not the case. Besides, by simple reasoning one would expect 
the shrub to be in water competition with the annuals growing within its con- 
fines, and thus inhibit rather than enhance its growth. However, this prob- 
lem cannot be settled by reasoning, but needs an experimental approach. The 
preceding observations only serve to provide a factual basis for future 
experiments, which should be carried out both in natural surroundings and 
in the laboratory. 

It seems likely that the observed phenomenon is widespread and very 
common in plant communities. In all sociological studies of vegetation made 
by the author, such a relation Jbetween various members of a community was 
found, and it seems only necessary to point out the phenomenon, to find it 
in many other instances. Almost every plant-sociological analysis contains 
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numerous indications that a causal relationship exists between the occur- 
rence of the various members of a plant association ; an analysis of the topo- 
jyraphieal relationships between these plants within the association would 
probably furnish very strong additional evidence. As soon as a number of 
such cases have been analyzed the proof of the causality in their mutual 
occurrence caii be given by cultural experiments. 

This short note is not the place to discuss more fully the implication of 
the existence of causal relationships between individual plants. Nevertheless, 
it should be pointed out that the advantages of rotation of crops might be 
attributable to such mutual influences. Although it is not usually feasible to 
mix crops, it is common practice to let one follow the other (crop rotation), 
and some chemi(*al influences of one crop might be carried over in the soil 
to the next (*rop. In many instances a distinct advantage of certain cover 
crops or shade trees (often leguminous plants) on the main crop has been 
noted, a beneficial effect which exceeds the effect attributable to nitrogen 
fixation by the leguminous cover crops. The opposite is also known; the 
presence of Imperaia, a common grass in Java, may endanger not only the 
production but even the life of plantation trees such as Hevea. 

In lakes, ponds, and ditches distinct correlations between various plants 
and animals exist. In those localities chemical inter-relations obviously play 
a major part. It is most interesting to note that lakes in different regions 
under different climatic conditions may contain the same algal communities. 
Beyerinck (1927) points out that the same 2 algal biocoenoses which are 
common in the pools of the heather vegetation in the northern parts of the 
Netherlands are found in essentially the same floristic composition in the 
ponds in the southern part of the Netherlands. It seems that only a direct 
influence of the partners of such an algal community on each other can 
explain their sociological distinctness. 

SUMMARY 

Wherever lack of precipitation prevents a continuous cover of vegetation 
in Southern California, the dependence of certain annuals upon the presence 
of specific shrubs becomes evident. Especially for Rafinesqiiia neomexieana 
it was shown that its occurrence depended upon the presence of Krameria 
and Franseria in the first place, Ephedra, Opnntia, and Hymenoclea in the 
second place, and Larrea and Encelia in the third place. The aptitude of 
these shrubs for providing good growing conditions was also evidenced by 
the fact that the more frequently Rafinesqnia occurs with a given shrub, the 
larger are the specimens growing in that shrub. Similar relationships were 
found for Caulanthus lasiophyllus, Caulanthus cooperi, Phacelid distans, 
Phacelia tanacetifolia, Malacothrix calif arnica, Delphinium parishii, and a 



114 


BULLETIN OF THE TORKEY CLUB 


[VOL. 09 


few other annuals. Other g:roup8 of annuals do not depend upon shrubs or 
organic material for their growth. Many of these are found in great abun- 
dance in open spaces in between shrubs. 
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SECONDARY VASCULAR TISSUES OF THE OAKS INDIGE- 
NOUS TO THE UNITED STATES— III. A COMPARA- 
TIVE ANATOMICAL STUDY OF THE WOOD OF 
LEUCOBALANUS AND ERYTHROBALANUS^ 

Simon Williams^ 

(with fifteen figures) 

Leucohalanus and Erythrohalanus have been redefined previously on the 
basis of the correlation existing between leaf-form and the structure of the 
late- wood pores in the secondary xylem (18). The nature and distribution 
of tyloses amon^ Quercus species has been discussed in relation to these newly 
proposed subjreneric limits (19). The controversial comments stimulated by 
these initial reports activated a more comprehensive anatomical study of the 
two subgenera to determine in what other respects the red and white oaks, 
as recognized herein, differ from one another. To this end, the various cell 
and tissue types present in oak wood are discussed separately below.'* 

CELL TYPES AND TISSITES STUDIED 

Early-wood Vessels. The white oaks are typically ring-porous with the 
ex(?eption of the shrubby species, Q. sadleriaria R. Br. Campst. The early- 
wood zone ranges from 1- to 4-seriate, and in a given species may exhibit this 
entire range. Tn general, in the more slowdy growing species, the larger 
pores are more nearly arranged in a uniseriate row, and those further out 
in the early wood are considerably reduced both in number and size. The 
red oaks are similar in these respects, with the exception that the woods may 
range from typically ring-porous to diffuse-porous. Also, the pores of the red 
oaks exhibit a less abrupt transition in size from early wood to late wood. 

The shape of the pores is similar in both groups, ranging from nearly 
orbicular to oval or narrowly elliptical. The radial axis is generally longer 
than the tangential, although it is not so conservative in its variation as the 
latter. 

In typically ring-porous species of the two subgenera, the wall of the 
early-wood pores ranges between 2 and 4 microns in thickness. Among the 

1 The information incorporated in this paper has resulted from research by the author 
while a member of the Department of Wood Technology, New York State College of 
Forestry, Syracuse, N. Y. 

2 Research Technologist, Bureau of Industrial Chemistry, University of Texas, Austin, 
Texas. 

3 One hundred and thirty-five samples, covering thirteen species oft Leucohalanus and 
thirty-two species of Erythrohalanus, were included in this study. 
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diffuse-porous species, the early-wood pores are somewhat thicker walled 
(3~6 microns) and g-rade more gradually into the thick-walled late-wood 
pores (all the diffuse-porous species are red oaks). 

No distinction between the two subgenera can be based either on the 
length or the shape of the vessel-members. The early-wood vessel-members 
are usually short, but occasionally may be classified as long ; the xerophytic 
and shrubby species have shorter elements. The early-wood vessel-members 
are from 50 to 125 microns shorter, on the average, than those in the late 
wood ; they may be tailed or not ; if present, the tail is usually short and is 
either pointed or tapers to a blunt apex.^ The perforation plates are simple 
and horizontal or nearly so. Three types of pitting are common throughout 
the vessel-members of the early wood of all si)ecies, viz. ^ 

1. Pits leading to vasicentric tracheids (fig. 1). This type of pitting is the 
most frequent and may extend entirely over both the radial and tangential 
walls. Usually, the vermiform impressions of the tracheids are present; when 
they are, the pitting is restricted to these areas. The pits are large and round, 
and are provided with an elliptical to oval, included aperture. They vary in 
diameter from 4 to 12 microns. Not infrequently they appear punctate in 
surface view, resembling vestured pits in every way. However, this feature 
is sporadic in Quercus, and as has been pointed out (2), it is the result of 
artifacts produced during post-mortem changes in the cells or during the 
transformation of sapwood into heartwood. No structural evidence could be 
found to contradict Bailey’s statement on this'matter. 

2. Hay-crossing pits (fig, 1). Ray-crossing pits are restricted to pit fields. 
The number and size of the pits within a pit field varies according to the 
size of the field from 3 to 7 or more. The pits are usually simple, but may be 
bordered. They are extremely variable in shape, ranging through round, 
oval, twisted-elliptical, rectangular, etc., and in alignment they exhibit fully 
as wide a fiuctuation. The long axis may be as much as 30 or more microns; 
in general, the larger the pore, the larger the pit field, and the more con- 
spicuous the pits. This is not absolute for the oaks. 

3. Pits leading to longitudinal parenchyma. These are rounded, bordered 
pits with a broad, oval, included aperture; they are noticeably smaller (from 
3 to 6 microns in diameter) than the intertracheary pits. Pits of this type 
may be recognized by their tier-like arrangement in pit clusters, as seen in*^ 
macerated material. 

* Vessel members measured and described after the methods suggested by Chalk and 
Chattaway ( 5 , 7 ). ^ 

3 The vessels are always solitary in Quercus; if intervessel pitting occurs, it is re- 
stricted to the overlapping tails of members of the same vessel, and resembles in every 
way the pitting between a vessel and a contiguous vasicentric tracheid. 
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Late- wood Vessels. The structure and distributional frequency of the 
late-wood pores provide the only absolute means, on the basis of wood 
anatomy, of distinj 2 :uishing Leucobalanus from Erythrobalanus (18). Abro- 
meit (1), in 1884, first attempted to classify Querciis species on the basis of 
wood anatomy, depending largely upon variations in frequency and cell wall 
thickness of the late- wood pores to delimit his various groups. Unfortunately, 
probably through insufiBcient sampling and coarseness of technique, Abro- 
meit made several errors, such as classifying Q. wislizenii A. DC. with those 
oaks having thin-walled late-wood pores and utilizing extremely variable 
characters such as pore frequency, pore size (vaguely defined as small, large, 
etc.), and the degree of lateral coalescence of the radially aligned late- wood 
pore groups. Because of these various factors, the subdivisions created by 
Abromeit could not be recreated by examination of new material, nor do 
these subdivisions adhere strictly to the subgeneric limits defined either by 
Williams or other workers in this field. Further, Abromeit did not include 
in his study any of the eight controversial species which Williams has shifted 
from Leucobala?ius to Erythrobalanus, The work of Abromeit, w^hile of his- 
torical significance, cannot be considered as bearing directly upon the new 
classification of Quercus species brought out in this current series of reports 
on the wood anatomy of oak species native to the United States. 

A summation of the differences which are of diagnostic significance fol- 
lows : 

The late-wood pores of white oaks are characterized as follows: 

A. At low ynagnifications (up to 10 x) 

1. Minute, in the majority of species barely distinguishable as distinct 
openings; when visible distinctly angled and thin- walled; extremely 
numerous and so crowded in radially aligned, flame-shaped patches that 
they cannot be counted. 

B. At high magnifications (50 x or more) 

1. Thin-walled (under 3 microns) 

2. Distinctly angled (more or less polygonal) 

3. Very numerous (ranging from 30 to 125 or more per mm.^, for 
average growth rates generally 40 to 70 per mm.*) 

The late- wood pores of red oaks are characterized as follows : 

A. At low magnifications (up to 10 x) 

1. Usually distinct with a hand lens, appearing as rounded, thick- 
walled orifices, which are quite widely spaced (and hence easily counted) 
and more or less radially aligned. 

B. At high magnifications (50 x or more) 

1. Thick- walled (3 to 10, average 4 to 7 microns). 

2. Rounded or oval (the outer wall obscurely angled). 

3. Not numerous (relatively), ranging from 8 to 25 per mm.*, for 
average growth rates generally 10 to 16 per mm.* (this figure did not 
exceed 30 in any sample studied, in spite of the fact that pvery effort was 
made to obtain the largest figure possible in certain test cases). 
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The late-wood vessel-members range from short to long. Although Lcuco- 
balanus and Erythrobalanus cannot be separated on this basis, the white 
oaks tend to have slightly longer members, with longer, more tapering tails 
than those of the red oaks. In the latter, the vessel-members taper more 
abruptly to an acute or acuminate apex. In both groups, the end walls are 
oblique and the perforation plates simple, except that scalariform plates may 
occur in the smaller vessels of the live oaks. This feature was not observed 
during the present investigation, but has been reported from different sources 
(1, 14, 17). The pitting on the walls of the late-wood members is similar in 
every way to that found on the early-wood members. 

Fibers. The fibers of the oaks exhibit no departures of subgeneric sig- 
nificance (fig. 2). They are intermediate between typical fiber-tracheids and 
libriform fibers found in other woods, and except for length are remarkably 
uniform throughout the genus. Thick-walled fibers are the rule, although 
thin- and very thick-walled fibei*s occur occasionally. 

The shape of the fibers is best determined from macerated material ; they 
are elongated, tapering elements which frequently possess forked or jagged- 
toothed edges. In cross-section, the fibers are generally hexagonal, but owing 
to pressure occasioned by the enlargement of the vessels behind the cambium, 
they depart from this shape considerably. The tangential diameter varies 
from 6 to 25 (average 10-16) microns, and the walls vary in thickness from 4 
to 10 microns. Not infrequently the inner wall (next to the lume)i)^is gela- 
tinous, but this feature is common to both subgenera and hence is of no 
diagnostic importance. Large masses of gelatinous fibers o(?(*ur in some oaks 
{Q. lyrata Walt.) as a constant feature; in others, fibers of this sort are 
abundant but not massed or may be wanting entirely. The gelatinous wall, 
when present, is usually thick, constituting from one-third to one-halt* or 
Jiiore of the cell wall. 

The interfiber pits, although bordered, are so small that the classification 
of the fibers on this basis is of no value except at extremely high magnifica- 
tions. They are round, possess slit-like excluded apertures, and are approxi- 
mately 4 microns in diameter. Interfiber pitting is rare on the tangential 
walls and sparse on the radial walls (occasionally moderately abundant over 
a small area). 

Gummy infiltration is common in the fiber lumina. It often assumes the 
form of spindle-shaped or rod-like bars across the cavity which simulate the 
cross-walls of septate fibers. 

Several statements relative to the variation in the fibers of oak wood may 
be made here, even though they are of no significance diagnostically. Al- 
though in any one species both long and short fibers occur in different 
samples and in the same sample, the shrubby and xerophytic oaks, as groups. 
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have shorter and finer fibers than the remaining species; this observation 
agrees with the work of Bailey and others (3, 15, 16). This phenomenon has 
probably resulted from the adaptation of these species to edaphic and clima- 
tic factors, and although it was undoubtedly conditioned by the environment, 
it has now become fixed, that is, it has now become a specific feature for the 
oaks in question. Mell (11), working with black walnut {Juglans nigra L.), 
lias pointed out that the faster-growing trees of this species on better sites 
have longer elements (fibers) than those growing on poorer sites, with result- 
ing slower growth rates. There is no indication that this holds for the oaks ; 
except under very unusual conditions (xeric habitat), no variation in fiber 
length can be anticipated in individuals of the same species grown under 
0 })timum and unfavorable conditions. Nor does suppression in oaks have any 
observable effect on fiber length, contrary to the results of MacMillan (10) 
working with red spruce {Picca rubra Diet.). MacMillan indicates that sup- 
pressed trees of this species have shorter elements than free-grown trees. 
Although the field data covering the samples of oak studied were meagre 
for some species, there is no indication that oaks react similarly to red spruce. 
Suppression usually implies slow growth (although slow growth does not 
necessarily imply suppression), and fiber length in oak appears independent 
of ring width. 

Longitudinal Parenchyma (figs. 4, 5, 6). The arrangement of longi- 
tudinal parenchyma is similar in both subgenera ; in the great majority of 
species it is inetatracheal, with occasional cells terminal or contiguous to the 
vessels (])aratracheal). The latter type, after the reasoning of Chalk (6), is 
probably iinudental owing to the irregular course of the bands of meta- 
tracheal parenchyma. 

The factors causing variation in the frequency distribution of paren- 
chyma are so complex that they cannot be evaluated with any real accuracy. 
Freipiency would, therefore, be too uncertain a feature to be used in defining 
subgeneric limits, or in aiding in the recognition of any congeries within 
subgenera. Nevertheless, there does seem to be a vague indication of group 
relationships, based on frequency, that is worthy of note. Erythrobalanus, 
especially the live oak group, appears to have a greater amount of paren- 
chyma, on the average, than Leucobalanus, The species studied are listed 
below, with the average obtained for the number of parenchyma cells per 
mm.^ of late wood, exclusive of the area occupied by the pores.® 

The bands of zonate parenchyma are commonly 1- or 2-seriate in the 
white oaks, and seldom anastomose. The increased parenchyma volume of 
the red oaks is manifested by wider bands (2 to 4 or more seriate), and the 

fl These averages are not calculated statistically, but each is the average of ten mea- 
surements from each sample of every species. 
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Number of Cells per Square Millimeter of Longitudinal Parenchyma 
Leucobalanus 

Species no, mm,^ 

Q, alba 325 

Q, bicolor 300 

Q, durandii 560 

Q, garryana 400 

Q, breweri* 675 

Q, lobata 490 

Q, lyrata 

Q, macrocarpa 390 

Q, muhlenbergii 360 

Q. prinus 305 

Q, sadleriana* 310 

Q, utahensis 390 

Erytlirobalan us 
Live Oaks 

Species no. mih.^ 

Q. agrifolia 640 

Q. arizonica 620 

Q, chrysolepis 765 

Q. dumosa* 690 

Q. engelmannii 475 

Q, emoryi 540 

Q. laurifolia 530 

Q. myriifolia 595 

Q, oblongifolia 435 

Q. hypoleuca 650 

Q. reticulata* 545 

Q. virginiana 610 

Q. virginiana geminata 620 

Q, wisUzenii ... .. 475 

“Deciduous Oaks 

Q, borealis maxima 375 

Q. catesbaei 530 

Q. cinerea 595 

Q. coccinea 355 

Q. douglasii 855 

Q, ellipsoidalis 460 

Q. ilicifolia . . 555 

Q. imbricaria 390 

Q. kelloggii .... 600 

Q. marilandica 600 

Q. morehns* 575 

Q. nigra 410 

Q. palustris 370 

Q, phellos 435 

Q, falcaia 490 

Q. falcaia triloba 510 

Q. falcaia leucophylla 410 

Q, shumardii 420 

Q. vaccinifolia* 615 

Q, velutina 410 

*8hrubby species. 

frequent coalescence of these^ Among the live oaks, in which parenchyma is 
unusually abundant, the zonate arrangement is obscured. 

In all other respects, the parenchyma of both groups is identical. In 
cross-section, the cells are thin-walled (under 4 microns) and range from 



1042] 


WILLIAMS: VASCULAR TISSUES OP OAKS 


121 


oval to polygonal due to tissue distortion occasioned by the enlargement of 
the vessels behind the cambium. In this plane, they are distinctly larger than 
the fibers, measuring from 10 to 30 or more microns in tangential diameter. 
In longitudinal section, the strands of parenchyma are composed of from 2 
to 20 or more units, the terminal cells tapering to a point. The pits between 
cells are simple and abundant, and when seen in face view show a tendency 
to cluster into small groups of from 2 to 4 in pit fields. Crystals may be 
absent, sparse, or very abundant. 

Tyloses. The nature of the tyloses in the two subgenera of Quercus has 
been previously discussed and needs no further consideration in this paper 
(19). 

Broad Rays. The broad rays of Querem are either aggregate or com- 
pound. Leucohalanus, with the exception of the shrubby forms, has true 
compound rays (figs. 10, 11). Both true compound rays and aggregate rays 
characterize Erythrobalamis, but only among the live oaks do aggregate 
rays become a constant feature of the mature wood (figs. 12-15). In this 
regard, the live oak group is more strikingly distinguished by the nature of 
the broad rays than by any other structural feature with the possible excep- 
tion of their diffuse-porousness. The tendency to possess aggregate rays, 
taken together with the exceptional width, shortness along the grain, blunt 
ends, and high frequency of these structures, sets these species off as distinct 
from other oaks. This composite of features was noted by Sudworth and 
Mell (17), Avho state ‘^Evergreen oaks, and particularly very slow growing 
species or those growing on dry soil, develop low and wide rays, which have 
blunt ends above and below.’’ 

As with longitudinal parenchyma, the size and frequency distribution 
of the broad rays seem to indicate certain group relationships. However, here 
too the inherent range of variation, either by species or by groups, is greatly 
complicated by the influence of the environment ; until comprehensive studies 
can be made on each individual species throughout its entire range, these 
factors cannot be truly evaluated, and the significance of differences must 
remain in doubt. There is, of course, no reason to assume that the oaks do 
not follow the general laws of ray size and ray distribution (4, 8, 12), which 
may be listed as follows : 

1. Ray volume is at a maximum in the root and in the crown; in the 
former because of increased size of the rays, in the latter because of an 
increase in their number. 

2. Ray volume increases with age up to a certain point, after which it 
remains more or less stationary. 

3. The larger the crown and the greater the physiological activity, the 
greater the ray volume. 
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4. Ray height decreases from the stump upward, and generally increases 
from the pith outward (Biisgen and Miinch 4, state that in some conifers 
the ray height is greatest in the first ring, decreasing thereafter for a period, 
and again increasing with old age). 

Granting that these rules are in force among the oaks, there is still no 
indication of the effect of external factors in regulating the quality and 
quantity of the changes within a species or wdthin an individual of a species. 
The rules may be valid, but they offer no clue in determining the specific 
nature of apparent differences in size and distribution. The only hint as to 
the reaction of the oaks to changes in site and locality lies in the work of 
Myer (13) on Q, alba L. This author, after studying the effect of range, 
habitat, and position in the tree on the structure and strength of this species, 
concludes, in relation to the broad rays : 

^‘The height of the compound ray was found to be about 50% greater in 
specimens from the Ohio Valley and Appalachians than it was in those 
specimens from northeastern United States. Little weight can be attributed 
to this difference, however, since it must be contrasted to a 90% average 
intra-regional variation. Within a single tree the maximum deviation in ray 
height was found to be as high as 60% in passing from stumi) to merchant- 
able top. The highest rays were found in the stump wood and from this point 
their height decreased gradually upward. Radially in the trunk, the rays 
became slightly taller as they progressed from the pith outward but the per- 
centage change of 30% was less than it was lengthwise in the bole. Although 
these figures show where the highest rays are likely to occur, it nevertheless 
is quite evident that range exerts no constant infiuence on this dimension 
which appears to be more dependent upon individual differences and upon 
the region in the range where the tree is growing. ’ ^ 

If the variation exhibited by Q. alba is indicative of specific instability, 
then the range between different species is liable to be even greater and less 
applicable in diagnosis. Therefore, no attempt was made to utilize the differ- 
ences exhibited between species in the character of the broad rays, aside from 
certain broad generalizations, as follows: 

1. As stated previously, the evergreen habit favors short, broad rays 
(17), w^hich exhibit a distinct tendency toward the aggregate condition. 

2. Dry site, in both subgenera, results in a wider type of ray, but has no 
constant influence on ray height. 

3. The effect of abundant moisture is exceedingly contradictory. Sud- 
worth and Mell state ‘‘the deciduous oaks, growing in moist alluvial soils, 
develop high and narrow pith rays.'’ In general, this is true, but increased 
moisture may influence ray width in both directions. Q. bicolor Willd., for 
example, has broad high rays, in contrast to the narrow rays developed in 
Q. phellos L. and Q. lyrata Walt. 
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4. As a group the red oaks have shorter, more slender rays, and a higher 
ray volume than the white oaks (referring to the broad rays). This is in 
general agreement with the work of Myer (12) and Ilartig and Eichler 
(Biisgen and Munch, p. 116), and although no ray volume measurements 
were made, the statement is given further substantiation by the ray fre- 
quency counts that were made. For Leucohalanus, the average range for the 
number of rays per square inch of tangential surface was 20 to 34 ; the entire 
range 10 to 60. Among the red oaks, the average range was 30 to 65; the 
entire range 25 to 115. There was considerable overlapping between the two 
subgenera, as is indicated by the breadth of the spread through which they 
both passed. The live oaks were all high (with the exception of those samples 
of Q, chrysolepis Liebm., in which the state of aggregation is so weak that 
the broad rays are inconspicuous), ranging from 50 up. 

Measurements revealed that the average ray height among the red oaks 
rarely exceeds one-half inch, further that the maximum ray height of the 
samples studied was 2 inches. Kays over one-and-one-half inches in height 
are not common. In Leucohalanus, while many of the samples fell into the 
same general range as those of ErythrobaJanus, an equal number of speci- 
mens, especially from such species as Q, alba L., Q. bicolor Willd., (?. stellata 
Wang., and Q. montana Willd., had average ray heights of from one-half 
to one-and-one-(iuarter inches, and rays in excess of one-and-one-half inches 
were common. The maximum observed height was 4 inches. The live oaks 
had the shortest rays of all, on the average, ranging from one-eighth to three- 
eighths of an inch, rarely exceeding one-half inch. Longer rays do occur 
among certain species of live oak, such as Q. arizonica Sarg., Q, dumosa 
Nutt., and Q, virginiana geminata Small. Frequently, in this group, the in- 
fluence of ray aggregation extends for a considerable distance along the 
grain, creating a false impression of high compound rays. 

Uniseriate Rays. The uniseriate rays of Quercus spp. are valueless for 
diagnostic purposes, except as they are typical for the genus. They are very 
abundant, ranging from 75 to 200 or more per mm.^ (tangential surface) ; 
vary from 2 to 30 or more cells and up to 500 microns in height (average 
125-300) ; are largely homogeneous; are frequently biseriate in part in the 
immediate vicinity of the broad rays; the cells are oval to rectangular (tan- 
gential surface), those in the early wood coarse and more rounded (10-20 
microns in tangential diameter) than those in the late wood (7-15 microns 
in tangential diameter) ; crystals are infrequent ; infiltration is sparse. 

Crystals. Crystal formation is common on the wood of all Quercus 
species; it is most abundant in the xerophytic live oaks. In general, the 
better-site, deciduous oaks have the fewest crystals, the driei'-site deciduous 
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oaks have moderately abundant crystals, and the xerophytic live oaks have 
excessively abundant crystals. This sequence is variable, any species being 
capable of exhibiting wide extremes from sample to sample. Although the 
range of material was inadequate for a thorough test, it may be said as a rule 
that heartwood contains more crystals than sap wood. 

The crystals are largely rhomboidal to hexagonal in section, and are re- 
stricted to the parenchymatous tissues. They are most abundant in the broad 
rays, especially in the neighborhood of the ray ends. The loculi may be soli- 
tary or in strings of 2 to 30 or more. The type of crystal formation in oaks 
has been arbitrarily defined in this paper as sparse (fig. 7), moderately 
abundant (fig. 8), and excessively abundant (fig. 9). 

Color. Not ojily the tyloses, but the color of the wood has long been 
used as an aid in distinguishing red and white oaks. In genera], the heart- 
wood of the red oaks was presumed to have a distinct reddish tinge, while that 
of the white oaks was considered to be of varying shades of brown, without 
a carneous cast. However, even before the redefinition of the two subgenera, 
and the subsequent shift of eight of the so-called white oaks to the red oak 
group, as suggested in the first paper of this series, color was recognized as 
not being wholly satisfactory diagnostically. The shifting of these eight 
species, if it is accepted by taxonomists, renders color even less acceptable 
than before in determining subgeneric limits. But with this shift, color has 
assumed a new signific^aiice in isolated cases, serving as a means to distinguish 
species which are otherwise very similar. For example, Q, arizonica Sarg. 
may be separated from Q, emoryi Torr. by the color of the sapwood ; it has 
a distinct reddish cast in the latter and ranges from creamy white to tan or 
light brown in the former, without a reddish tinge. 

Vasicentric Tracheids. The shape, length, type of pitting, and general 
arrangement of the vasicentric tracheids are similar throughout the genus. 


Explanation of figures 1-9 

Fig. 1. Q, velutina Lam. Note the large ray-crossing pits, restricted to definite pit 
fields, also the vermiform vasicentric tracheids with large bordered pits, x 430. Fig. 2. Q, 
alba L. Note the thick-walled fibers; also gelatinous fibers scattered over the sec- 
tion, the gelatinous layer appearing darker. x450. Fio. 3. Q, vclntina Lam. A mass of 
vasicentric tracheids sheathing a vessel. x285. Fig. 4. Q, alba L, Narrow, fairly regular 
bands of zonate parenchyma, characteristic of many white oaks and uncommon among 
the red oaks, x 240. Pig. 5. Q, imbricaria Michx. Wider and leas even bands of paren- 
eh^a than those in figure 4, more common among the eastern deciduous red oaks than 
elsewhere. x240. Fig. 6. Q, virginiana geminata Sarg. Note the abundance of the 
parenchyma and that the zonation is^obscured. This type of distribution characterized the 
live oak group, x 240. Fio. 7. Q, palustris Muench. Tangential section showing sparse 
crystal formation, x 180. Fig. 8. Q, Prinus L. Tangential section showing moderately 
abundant crystal formation, x 180. Fig. 9. Q, Emoryi Torr. Tangential section showing 
excessively abundant crystal formation, x 180. 
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Units of this type are restricted to the immediate vicinity of the vessels, about 
which they form multiseriate sheaths consisting: of vermiform, profusely 
pitted (bordered, with an oval, included aperture) cells intermingled with 
strands of longitudinal parenchyma (fig. 3). The length of the tracheids 
fluctuates within remarkably small limits throughout the genus, averaging 
between 550 and 700 microns, or approximately one-half of the average fiber 
length. As is true of other cells, although much less markedly, the tracheids 
are smaller in the xerophytic and shrubby oaks than elsewhere. Further, the 
larger the pore, the shorter and more twisted the tracheids associated with it. 

In macerated material, vasiccntric tracheids are extremely variable in 
shape. The majority are slightly twisted, with more or less blunt apices; 
others are forked at one or both ends; some have horizontal end walls; many 
are swollen at one end and taper into an elongated, thread-like extension at 
the other end ; a few taper evenly at both ends and resemble fibers in outline. 
The last type can easily be distinguished from fibers by the abundance of pits 
and the type of pit-sculpture on the walls. Intertracheid pitting and the 
tracheid-vessel pitting are similar and have already been described in the 
discussion of the vessels. 

Miscellaneous Data. Except as already indicated, weight, thickness of 
sapwood, etc., which could not be thoroughly substantiated in this research 
and are hence of unknown value in distinguishing species, will not be con- 
sidered further. 


SUMMARY AND CONCLUSIONS 

In addition to the indications of subgeneric limits presented by the corre- 
lation existing between leaf-form and the structure of the late-wood pores 
and the type and distribution of tyloses, several additional indications of the 
validity of these limits are noted. While none of these permits of an absolute 
segregation of species comparable to that described on the basis of leaf-form 
and late-wood pore anatomy, they are of value and may be enumerated as 
follows : 

1. The frequency of longitudinal parenchyma is noticeably higher in 
Erythrohalanus than in Leticobalanns, This is especially true of the live oak 
group in Erythrohalanus, in which parenchyma is often so abundant that the 


Explanation of figures 10-16 

Fig, 10. Q. imbriraria Miehx. Broad ray type of deciduous red oaks. Pattern formed 
on tangential surface of wood, x 2.5. Fig. 11. Q. imhricaria Miehx. Portion of broad ray 
highly magnified. The shape of the cells of both uniseriale and broad ray is typical for 
th^ genus, x 100. Fig. 12. Q, virginihna Mill. Pattern formed by broad rays on tangential 
surfa^ of. wood, x 2.5. Fio. 13. Q, virginiana Mill. Broad ray highly magnified. Note 
aggregate ray condition typical of many live oaks, x 100. Fig. 14. Q, stellata Wang. 
Pattern formed by broad rays on tangential surface of wood, x 2.5. Fig. 15, Q, stellata 
Wang. Broad ray highly magnified, x 100. 
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zonate arrangement which typifies the genus Quercus is obscured. The 
shrubby species tend toward a high parenchyma volume, irrespective of the 
subgenus. The size, shape, type of pitting, etc., of the cells are similar 
throughout the genus. 

2. The broad rays of Erythrohalanus are generally shorter and more 
abundant than those of Leucobalanus, The live oaks, in Erythrohalanus, are 
distinct from the deciduous red oaks on the basis of the very short, stubby 
extremely broad, excessively abundant rays, many of which are typically 
aggregate. Among the deciduous red and white oaks, there is considerable 
overlapping in height and width; however, whereas the average ray heighi 
among the red oaks rarely exceeds one-half inch, average ray heights of from 
three-fourths to one-and-one-half inches are common among the white oaks 
In general, dry site stimulates broader rays; dry site plus evergreen habil 
very broad, but shorter rays with a distinct tendency toward the production 
of rays of the aggregate type ; wet site appears to exert no constant direc- 
tional influence on width or height. 

3. Certain physical distinctions hold between the woods of the red and 
white oaks. For example, the color of the heartwood may be used with reser- 
vation ; the white oaks have from tan to dark brown heartwood, devoid oi 
reddish tinge, while the red oaks, in contrast, have heartwood with a roseate 
cast; there is considerable overlapping in this regard. As regards weight, the 
literature reveals that the live oaks have the heaviest woods and the decidu- 
ous red oaks the lightest. The wood of all of the species studied was o*elorless 
and tasteless. No hardness tests were made. 

In all other respects, the woods of Ei^ythrohalanus and Leucohalanui 
merge insensibly in their structural and dimensional features. 

Bureau op Industrial Chemistry 
University of Texas 
Austin, Texas 
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CULTURE OF ISOLATED ROOTS OF ACACIA MELANOXYLON 

James Bonner 

INTRODUCTION 

The culture of isolated roots of several herbaceous species of plants over 
extended periods has been previously reported by various authors. The 
present paper deals with preliminary observations concerning the culture of 
isolated roots of a tree species, Acacia melanoxyloyi. 

METHODS 

Seeds were collected in the fall from large trees and were disinfected by 
a ten minute treatment with 0.1 per cent IIgCl 2 . Boiling water was next 
poured over the seeds, which were then allowed to soak for 24 hours. Heat 
treatment of these seeds appeared to be essential to germination. Germina- 
tion took place on moist sterile filter paper contained in Petri dishes. Root 
tips approximately 1 cm. long were removed from the seedling roots and 
transferred to Petri dishes containing 20 cc. of nutrient mediunP similar to 
that used in other investigations (1). All of the cultures were maintained in 
the dark at 25® C. 

EXPERIMENTAL REST^LTS 

In the first experiment, 6 roots were maintained in the basal medium 
containing supplements of thiamin, pyridoxine (each 0.1 mg. per liter) and 
nicotinic acid (0.5 mg. per liter). The roots were subcultured at weekly inter- 
vals for 20 weeks by removal of 1 cm. tips to fresh medium. During the first 
week of culture the average growth increment was 12 mm., while during the 
twentieth week an average of 11 mm. of growth in length took place. That 
the growth rate remained roughly constant during the 20 weeks is indicated 
by the average weekly growth increments for successive 5 week periods, 
which were respectively 9, 9, 8, and 8 mm. per week. 

The growth rate of Acacia roots as indicated by the above experiment was 
markedly smaller than that obtained for certain isolated roots of herbaceous 
plants such as tomato, clover, and alfalfa (1), grown under similar condi- 
tions. Various alterations in the nutrient medium did not, however, result 
in increased growth of Acacia roots. These alterations included ; use of solid 
or semi-solid substrata (0.8 and 1.5 per cent agar media) use of 4, 6, or 10 
per cent sucrose in place of 2. per cent, addition of yeast extract or whole 

iThis medium contained per liter of redistilled water; 236 mgs. Ca(N08)a • 4 H 2 O 
36 mgs. MgSO^ • 7 H 2 O, 81 mgs. KNO«, 65 mgs. KCl, 20 mgs. KH^PO^, 1.5 mgs. ferric 
tartrate, and 20 gms. sucrose. 
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dried yeast in various concentrations, and addition of micro-nutrients (i.e., 
in addition to those already contained in the medium as impurities) includ- 
ing Zn, Cu, Mn, Mo, and B, to the medium. The mean growth per week was 
likewise not increased by the use of transfer periods of 2, 3, 4, or more weeks 
rather than the usual weekly period. The growth of isolated Acacia roots 
under the present conditions was however somewhat slower than that of 
roots grown under similar conditions but attached to seeds (17.5 mm. per 
week over a 2 week period) or grown as seedlings in Hoagland^s solution in 
the greenhouse (12.5 mm. per week). It would appear that optimal condi- 
tions for the culture of isolated Acacia roots were not realized. 

In a further experiment, the effect of varied supplements was investi- 
gated ; the results are given in table 1. Roots maintained in medium contain- 

TABLE 1 


Influence of various substances on the growth of isolated Acacia roots 


Supplements to 
basal medium 

Numf)er of 
roots 

Growth in mm. per week 

week 1 

3 

5 

15 

26 

35 

None 

11 

5.5 

1.8 

0.0 

0.0 

0.0 

0.0 

Bi alone 

13 

5.0 

3.2 

0.6 

0.0 

0.0 

0.0 

Nicotinic acid alone... 

15 

6.0 

2.2 

1.0 

0.0 

0.0 

0.0 

B„ alone 

12 

7.3 

3.8 

0.0 

0.0 

0.0 

0.0 

Bi + nicotinic acid 

17 

5.4 

6.5 

6.0 

3.1 

0.0 

0.0 

Nicotinic acid + 3® 

13 

6.0 

4.6 

1.6 

0.7 

0.0 

0.0 

Hi “H Ho 

12 

5.9 

3.9 

1.7 

1.4 

0.0 

0.0 

Bi + nicotinic acid + Be 

17 

10.6 

8.9 

8.9 

8.2 

6.6 

10.0 


ing no supplement, or in medium containing only one of the three supple- 
mentary substances, grew less in each successive transfer and ceased or 
nearly ceased growing within 5 weeks. The same was true of roots grown in 
medium containing supplements of nicotinic acid and pyridoxine or thiamin 
and pyridoxine. Roots which received thiamin, nicotinic acid, and pyridoxine 
continued to grow for 35 wrecks (averaging 8 dz 0.3 mm. per w^eek) at which 
time they were discarded. Roots which received only thiamin and nicotinic 
acid grew somewhat more per week and continued growing for more weeks 
than roots on other deficient media, but ultimately lagged behind roots receiv- 
ing all three growth factors. This experiment suggests then that thiamin, 
nicotinic acid, and pyridoxine all exert positive effects on the growth of 
isolated Acacia roots. 

The roots grown in the above experiments were distinguished by their 
lack of branches and by their lack of secondary thickening. It was not found 
possible to induce the formation of branch roots. The bases of roots (after 
removal of the tip) were maintained in nutrient solution for from 1 to 4 
weeks without the appearance of branches. In one experimenf, 6 roots were 
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transferred intact (without subculturing) to fresh medium at weekly inter- 
vals for 16 weeks. At the end of this period the roots had attained an average 
total length of 81 mm., although the weekly growth increment had decreased 
to 0.9 mm. No branches appeared and the roots did not exhibit any marked 
secondary thickening. 

OTHER SPECIES 

Unsuccessful attempts were made to cultivate roots from other species 
of woody plants. In every case liquid as well as solid media were used, and 
various supplements and sucrose concentrations were tried as with Acacia. 
In three species (grape, lemon, grapefruit) the roots failed to grow at all 
after excision, a state of affairs which has been met with in some herbaceous ^ 
plants, notably certain of the Cncurbitaccae. In 5 species (Pohiciana gilesii, 
orange, SimmoncUia California^ Thuja orientals, Parthenhim argentatuni), 
the roots regularly grew for one or more weeks after excision, but ceased 
growing within three weeks. The average growth in the first week of culture 
varied from 7 mm. (Simmondsia) to 22 mm. (Poinciana) . In three species 
a few roots were cultivated through several transfers. Thus, with Sterculia 
diversifolia growth averaged 9 mm. in the first week. Eighty of eighty-two 
roots did not grow after the fourth transfer. One individual root however 
was maintained through 21 weekly transfers (in liquid medium supplemented 
with thiamin, nicotinic acid, and pyridoxine) at an average growth rate of 
8 mm. per week, and a second root was maintained through 13 weekly trans- 
fers at an average growth rate of 8 mm. per week. Such exceptional roots 
were also found in the cases of Bauhimia purpurea and Wisteria sinensis 
(see also Robbins and Maneval, 2). In all cases, however, the growth rates 
were low and similar to that of isolated Acacia roots rather than to those 
characteristic of the herbaceous roots previously studied. 

SUMMARY 

1. Isolated roots of Acacia melanoxylon were cultivated for periods up 
to 35 weeks, in liquid medium containing inorganic salts, 2 per cent sucrose, 
and supplements of thiamin, pyridoxine, and nicotinic acid. All of these sup- 
plements appeared to be essential to the continued growth of isolated Acacia 
roots although the absence of pyridoxine was manifested less strikingly than 
absence of thiamin or nicotinic acid. 

2. The growth rate of isolated Acacia roots averaged 8 ± 0.3 mm. per 
week over a period of 35 weeks. This growth rate, which was about two- 
thirds that of roots of seedling plants, was in marked contrast to the 40 to 
150 or more mm. per week typical of isolated roots of herbaceous species as 
tomato, alfalfa and clover. 
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3. No formation of branch roots or extensive secondary thickening was 
observed in isolated Acacia roots. 

4. Continued growth in vitro could not be obtained with isolated roots of 
12 other species of woody plants with the exception of rare individual roots 
of Sterculia diversifolia, Bauhinia purpurea and Wisteria sinensis. 

California Institute op Technology 
Pasadena, California 
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CYTOGEOGRAPHY OF OXYDENDRUM ARBOREUM' 

J. T. Baldwin, Jr. 

Oxydendruni DC. is an ericaceoiis monotype: O. arhoreum (L.) DC. 
Though usually a small tree, it may attain a height of more than seventy feet 
and a trunk diameter of twenty inches (Hough 1924). The leaves and stem 
are somewhat acidulous to the taste — thus the common names, sorrel-tree 
and sourwood. 

The tree, as shown on the map (fig. 1), is distributed east of the Missis- 
sippi River from New Jersey to Illinois and southward to the Gulf of Mexico 
and northern Florida. The map is based on specimens examined cytologically 
(diamonds) and on those in certain herbaria (circles),'^ 

TABLE 1 

Stations at which 0. arhoreum was found to have chromosomes at leaf metaphasc 


West Virginia 

Monoiigaliii County: Morgantown 
Nicholas County: Powell ^s Mountain 
Raleigh County: Bcckley 
Virginia 

Bedford County: ColemaiUs Falls 
Buckingham County: Dillwyn 
Campbell County; Rustburg 
Charlotte County: Keysville 
James City County: Williamsburg 
Pulaski County: Dublin 
Washington County: Abingdon 
Wise County: Coeburn 
North C^irolina 

(’herokee County: Murphy 
Jackson County: Dillsboro 
Madison County; Hot Hprings 
McDowell County: Lake Tahoma 
South Carolina 
Greenville County: Marietta 
Oconee County: Upper Whitewater Falls 


Georgia 

De Kalb County: Emory University 
Rabun County: Pine Mountain 
Alabama 

Bibb County : Pratt ^s Ferry Bridge 
Clarke County: Jackson 
Cullman County: Cullman ' 

Morgan County 

Tuscaloosa County: Tuscaloosa 
Wilcox County: Pine Hill 
Mississippi 

Jackson County: Ocean Springs 
Tennessee 

Polk County : Duck town 
Putnam County : Baxter 
Sevier County: Elkmont 
Kentucky 

Harlan County : Cumberland 
McCreary (bounty: Whitley City 


During the summers of 1940 and 1941, as part of a broad program for 
cytogeographic analysis of North American plants (see Baldwin 1942), tl^e 
writer, in routine fashion, made chromosome counts for thirty-one collections 


1 Papers from the Department of Botany of the University of Michigan, No. 795. 
Supported by Faculty Research Fund, Projects No. 540 and 569. 

2 Gray Herbarium, United States National Herbarium, and herbaria of the Field Mu- 
seum of Natural History, New York Botanical Garden, Missouri Botanical Garden, Cornell 
University, West Virginia University, Duke University, University of Michigan, University 
of Tennessee, and University of Georgia. The writer appreciated the privilege of access 
to these specimens. 
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of 0. arhoreum from representative stations in the specific range. He also 
examined cytologically trees growing at The Blandy Experimental Farm in 
Virginia. The tree, being quite distinctly different from other Ericaceae, is 
easily recognized from a rapidly moving automobile, so the finding of mate- 



rial is easy. Young leaves are produced from spring to fall, and from them 
leaf smears are readily made. Flowers in many developmental stages are 
present in a single inflorescence, and good aeeto-carmine smears of anthers 
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are made without difficulty. Moreover, the wTiter had found intraspecific 
chromosome-number races in certain other species characteristic of the 
Appalachian system, — e.g., Galax aphylla L. and Sedum termfum. Michx., — 
and considers that many cases of such polyploidy will be discovered by 
intensive cytoj^eographic surveys of species. 

However, the chromosome number of 0. arhoreum was not observed to 
vary. At mitotic metaphase in leaves the 2/i-number is 24 (fi^. 2) ; at meiotic 
metaphase in anthers the n-number is 12 (fijr. 3). The chromosomes are uni- 
formly small and of a similar morphology. Stations for wild ])lants investi- 
gated cytologically are listed in table 1 and, of course, designated on the map. 

The conclusion to be drawn from this study is obvious: According to the 
data at hand 0. arhoreum has throughout its geographic range a 2n-niimber 
of 24 chromosomes. 

Department of Botany, TTntverstty of Michigan 
Ann Arbor, Michigan 
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THE GENUS DELPHINIUM IN NORTH AMERICA: SERIES 
ECHINATAE OF SUBSECTION SUBSCAPOSA, AND 
MISCELLANEOUS NOTEWORTHY SPECIES 

Joseph Ewan 

The present small series ot* larkspurs is marked phylo^enetically as a 
series in probable advanced position among the North American species. It 
is characterized at once by its distinctive echinate seed coats and by its well- 
defined Californian distribution along the eastern rim of the Great Valley. 
The single species with its three component subspecies making up this series 
inhabits the warm interior foothills of the Sierra Nevada of California, a 
region otherwise noted as one of remarkable floristic ('ontent. Delphinium 
hameni lives in the same region with such distinctive endemics as the genus 
Carpentc7'ia, Collomia rawsoniana, Arctostaphylos my^Hifolia, Githopsis 
pulchella, Wyethia data and W, reticulata, and the remarkable and unique 
species Delphinium purpusi. 

The origin of this well-marked series Echiuatae of the subsection Sub- 
scaposa cannot be determined with any certainty at this time. Though the 
echinate seeds of Delphinium hameni are unique among the Californian 
larkspurs, the other characters of flower, follicle, and habit are not at vari- 
ance with the Californian members of this large subsection. Delphinium 
hanseni may have had its origin conceivably from />. hesperium, its closest 
ally among the related series. Furthermore, what I believe are natural 
hybrids are fairly frequent between these two species. Cytogenetic studies 
may yet demonstrate the basis for such suspected hybridism. 

The author is again indebted to many curators for continued assistance 
in various ways. The material to be found in the herbaria enumerated in an 
earlier paper (1936) has been used as the basis for the present paper. In 
addition large series from the Academy of Natural Sciences, Philadelphia, 
the Rocky Mountain Herbarium, Laramie, and the growing collections being 
assembled by the author through field work and the generous courtesy of 
several correspondents, have been studied. In particular valuable material 
has been received from Mr. Milo Baker, Dr. Lincoln Constance, Dr. C. L. 
Hitchcock, Dr. R. F. Hoover, Mr. John Thomas Howell, and Mr. J. W. 
Thompson. A visit to the Herbarium Greeneanum at Notre Dame Lniversity 
during February, 1940, was particularly profitable. The Delphinium collec- 
tion there has more critical sheets than any other North American herbarium 
examined, notwithstanding its relatively small size. Several species of great 
rarity in the largest collections are represented among E. L. Greene’s collec- 
tions. I am indebted to Dr. Theodor Just for his courtesies. The Parry Her- 
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barium at Iowa State Collej^e, Ames, under the curatorship of Dr. George 
Goodman, is rich in historic collections. The sheets must often be given indi- 
vidual study against Parry’s scattered published annotations and fioristic 
lists, however, for they commonly are very imperfectly labelled. 

HISTORICAL NOTE 

Though Thomas Bridges, William Lobb and J. M. Bigelow traversed the 
Sierra foothills inhabited by Delphinium hanseni during the meridian 
decades of the nineteenth century, I have not seen any specimens of this 
larkspur taken by them. Indeed this Delphinium seems not to have been 
taken until the final decades of the last century when Greene, Curran (M^s. 
Mary Katherine Layne Curran lirandegee at her death), Congdon, Hansen, 
Jepson, and Davy penetrated these foothill valle 3 ^s and Digger Pine {Finns 
sahiniana) slopes. Greene first distinguished the plant as a variety of Del- 
phinium hesperium. At this time (1891) Greene had not seen fruiting speci- 
mens, but he was quick to propose (1896) the variety for species status when 
he saw the ^‘marked peculiarity of the seeds” demonstrated by fruiting 
specimens obtained by Alice Eastwood. At this time (1896) he described in a 
rather indefinite manner ^4he variety or subspecies” arcuatum without 
assigning a representative collection or so much as delimiting it with a 
blanket distributional phrase. 

One of the most prophetic statements regarding Delphinium hanseni was 
that of Dr. Anstruther Davidson when he wagered that though Asa Gray 
in the Synoptical Flora (1: 49. 1895) had placed the hispid-hirsute-leaved 
larkspurs of central California under D. hesperium he felt all the hispid 
forms would prove to be D. hanseni when the seeds were examined and the 
species better known. In my present study this wager of Dr. Davidson’s 
(1908) has been borne out and, apart from individuals of D. variegatum 
which occur infrequently in the range of D. hanseni^ no other hispid-hirsute- 
leaved larkspur occupies the central Californian Sierra foothills. This is a 
fact of value in the identification of imperfect specimens from this region. 

It is appropriate historically that a Delphinium so distinctive of lower- 
middle elevations of the Sierra foothills should bear the name of a collector, 
George Hansen (1863-1908) who so eagerly botanized over this region. 
Jepson has written of Hansen in the Dictionary of American Biography^and 
also, with portrait, in Madrono (1: 183-185. 1928). 

CONTINUED USE OF THE CATEGORY SUBSPECIES 

Since formulating my views on the desirability of using the subspecies 
category (1936, p. 329) I have continued to scrutinize the practice. I remain 
confident of the enduring value of the use of the term subspecies to replace 
the more inexact and variously used term variety. It is unfortunate that 
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several authors see fit to recast the names fj^iven by workers using the sub- 
species category into new combinations under “variety.'^ Nor do I see any 
substantial progress in the reciprocal practice of somewhat automatically 
changing varietal names to subspecies as new combinations. To obviate this 
persistent confusion, which cannot but reflect discredit upon systematic 
botany, it seems to me desirable to adopt the straight trinomial w^hen refer- 
ring to the rank below that of species, in the manner established many years 
ago by Coville, Piper and Abrams. Thus whether a given name was proposed 
as a subspecies or variety becomes inconsequential beside the direct prac- 
tical manner of referring, for example, to Delphinium hanseni arcuatum. 

Along with this usage may stand another device to remove nomenclatural 
difficulty today. Authors have treated the populations of the nomenclatorial 
type of a species as subspecies or variety typicum. Again some authors have 
used for the good reason of avoiding the concept of ‘‘biologic type’^ the terms 
originarium, genuinnm, or verum, indicating that it is the subdivision wdiich 
includes the type of the specific epithet. There has been some use of the 
specific epithet unaltered (e.g., Siachys recta subsp. recta) among European 
systematists but apparently no use of this clear and direct device has been 
made by taxonomists in this country. 

Benson has pointed out to good effect (Bull. Torrey Club 68: 160. 1941) 
that “wdiile the validity of the philosophy behind the use of the formal name 
S’ar. iypicum^ is admitted, it is fhis opinion] that imblication of formal 
trinomials for typi(‘al varieties is unnecessary.^’ In the present proposal 
there need be no formal publication of typical varieties but the convenience 
of using the repetitious trinomial for pi’ecision of reference to the typical 
subspecies is accomplished. In this and future papers I shall follow this prac- 
tice, found w’orkable by the systematic zoologists, and embraced in Article 56, 
Recommendation XXXV, International Rules of Botanical Nomenclature 
(Jour. Bot. suppl. 1934). 


SYSTEMATIC TREATMENT 

Subsection Suhscaposa (Huth) Ewan, Bull. Torrey Club 63: 330. 1936. 

Series Echinatae ser. nov. Semina obpyramidalis et acutis, perspicue 
integumentis echinatus cum imbricati-squamellatis. 

Perennials of subcapose habit wdth seeds distinctly scaly-echinate and 
bur-like with loosely imbricated prominent thin scales or processes on the 
seed face. Type species of series Echinatae: D. hanseni (Greene) Greene. 

Key to the Subspecies of Delphinium hanseni 

Stems short (30 em. tall or less), stout; leaves shaggy-white pilose; raceme 

dense tc* B, hanseni Icernense 

Stems taller (40-90 cm. tall), often strict but scarcely stout; leaves glabrate 
to hirsute or pubescent along veins but not pilose; raceme dense *to 
loosely interrupted. 
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Flowers dark blue to purple, the racemes often dense or compact, fre- 
quently narrow or spiciform; lower leaves generally withering at 
flowering time la. D. hanseni hanseni 

Flowers whitish or pink, seldom blue, the racemes commonly loose or in- 
terrupted, not at all spike-like; lower leaves often green and con- 
spicuous at flowering time lb. D. hanseni arenaium 

la. D. HANSENI (Greene) Greene/ Pittonia 3: 94. 1896, based on 2>. 
hesperium var. Hanseni Greene, FI. Franciscana 304. 1892, in turn based 
on Geo. Hansen coll., 1891, from Amador Co., Calif., without definite local- 
ity. Type (Notre Dame Herb, without accession number) studied. Another 
sheet (N. D. Herb. 3413), Eldorado, Calaveras Co., VI 1889, Greene, is a 
good paratype; though not referred to by Greene, unmistakably involved in 
Greene’s original description. Jepson records (FI. Calif. 1: 523. 1915) ft 
verbal statement made in 1896 by Prof. Greene to the effect^that ‘‘the best 
type of it is Davy’s 1326, Calaveras Co.” Greene here likely had in mind the 
ideal type representative of the population in nature as he knew it. 

Slender virgate perennial 50-90 cm. tall, arising from a rather short 
slender taproot, the stems greenish or fuscous above and darkening below, 
rather uniformly puberulent throughout with longitudinal glabrous lines, 
sometimes pilose at the base with white hairs ; leaves not very conspicuous 
and withering at flowering time, mostly basal, dimorphic, the lower rhomboid 
with an ample little-divided blade, hirsute, 4r-9 cm. wide, the upper divided 
to midrib into 3 or 5 narrow primary segments, the blade about ^ as broad 
as that of the lower leaves, much less pubescent or even glabrate, the petioles 
long, even the uppermost more than twice as long as the blade, all usually 
pilose or the upper merely puberulent; raceme rather compact, narrow- 
spiciform, elongating relatively little in fruit, the flowers numerous, com- 
monly dark blue-purple or again (especially among colonies on the margins 
of its range) pinkish or even white and fading pink, short-pedicellate, the 
pedicels slender, ascending, shorter than the spur; sepals oblong, bluntish 
or rounded, commonly hoary with a median band of pubescence, 6-8 mm. 
long, spur curving, 7-10 mm. long, slender, acutish ; follicles erect, nearly 
oblong, 10-14 mm. long, with slender moderately divergent filiform cusps, 
puberulent, a little venulose, borne on strictly ascending pedicels commonly 
appressed to rachis; seeds obpyramidal with a flat summit, silvery white, 
echinate, the faces with imbricate scale-like processes. 

Often large colonies of 20-‘200 individuals in adobe or loamy soils of open 
hillsides, oak clearings or margins of cultivated fields in the Blue Oak-Digger 
Pine association, at 1500-3660 feet, but infrequent above 2500 feet. Sierra 
Nevada foothills from Butte Co. south to Madera Co., California, where 
plants somewhat intermediate between this and subspecies arcuatum occur. 
It spreads out upon the floor of the Great Valley on alkaline plains in Merced 
Co. April-May. 

Representative material: California — ^butte: Bidwell Park, Heller 

1 It is the author ^8 express intent to avoid formal establishment of any name for 
typical subspecies, i. e. hanseni hanseni nomen nov., but to indicate by such usage 
^that the typical phase of the species is intended. Technically such trinomials should be 
credited to Greene; the trinomial is wholly unnecessary except when the component sub- 
species of the species is in question. The aim is to give a definite name of reference 
without involving nomenclature. 
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13625; Chico, Ed, Palmer 2076; Butte Co. foothills, 1897, Bruce, sutter: 
Marysville Buttes, Heller 1914, Nevada: Limekiln Rch. near Wolf Creek, 
Eastwood 3441. placer: Auburn, VI 1886, Shockley; Roseville, Congdon. 
AMADOR: lone to Clement, 2000 ft., Belshaw 805; Agricultural sta., 2000 ft., 
VI 1893, Hansen 104; Irishtown, 1500 ft., 18 VI 1896, Hansen 104 (Pomona 
Coll. — note same coll. no.), calaveras: Copperopolis, Tracy 5576; Table 
Hills near Sheep Rch., Davy 1608; Milton, Davy Wallace, 1914, itfc- 

Murphy; Mokelumne Hill, Blaisdell, tuolumne : 5 mi. e. LaGran^re, Hoover 
2144 (fresh fls. white) ; Hetch-Hetchy, 3660 ft.. A, L. Grant 1267 (Jepson 
Herb.). Stanislaus: Knijrhts Ferry, Hoover 1031 ; LaGrangre, Hoover 959 
(fls. light pink), merged.* 5 mi. s. Merced, Hoover 555 (fls. white or drying 
pale blue) ; 10 mi. s. Merced, Hoover 556 (fls. dark purple, cf. his 555) ; 3 mi. 
ne. Merced Falls, Belshaw 2027 (fls. pale blue, seeds lightly echinate). 
MADERA : Daulton Creek, n. Madera, Hoover 904; Madera, Eastwood 12609. 

George Hansen wrote Prof. Greene that he had never found [D, 
Hanseni] below 1500 feet [elevation | nor above 1800 feet’^ (mss. note in 
Greene Herb.). We now know its altitudinal limits to be from 1500 to 3660 
feet, though it is most characteristic of the lower elevations. Helpful notes 
on Hansen’s little-known collecting localities may be found in Jepson ’s 
biography in Madrono (1: 184). The range of D. hanseni hanseni and of 
D. hanseni arcuatum are mutually exclusive except for Madera County, the 
zone of overlap of these two subspecies. Here some individuals are difficult 
to refer to one subspecies or the other with certainty. A single collection, 
Lindsey, Tulare Co., 1925, Harter (Calif. Acad.), has been seen which falls 
geographically far beyond the general range of typical D. hanseni. This col- 
lection has the dark blue-purple floAvers and is in every way typical of the 
more northern plants. 

There is a small-flowered race (sepals 5-7 mm. long, paler blue, the spur 
straight) in Amador and Calaveras counties which deserves some study. In 
fact most of Hansen’s collections represent this race. Along the margins of 
the Great Valley Dr. Hoover has detected some interesting individuals. One 
collection seems clearly to be a hybrid between D. variegatum and D. hanseni, 
the former species occurring in the same colony {Hoover 956 and 956a, La- 
Grange, Stanislaus Co., 13 IV 1936). On May 2nd, of the same year, some 
plants of the colony exhibited seeds like D. hayiseni but the processes were 
more or less scattered and not closely studding the seed coat. Some plants 
otherwise identical had bullet-shaped seeds with a “loose cellular dirty- white 
coat without projections,” suggestive of D. variegatum. 

lb. D, HANSENI var. arcuatum Greene, Pittonia 3: 94. 1896, based on 
undesignated type. Lectotype: Yosemite Valley, VII 1896, Jepson sine 
numero in Jepson Herb. Paratype: Little Yosemite, VII 1875, McLean in 
Univ. Calif. Herb. No sheets in the Greene Herb, at Notre Dame Univ. offer a 
type basis. 

Slender erect or straggling perennial 40-80 cm. tall of varying habit, 
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arisinf? from a rather long:, woody, sometimes stout, much-brauched taproot, 
the stems p:ree.nish, bluish or violeseent, not strictly vir^ate, sometimes laxly 
spreading, puberulent or glaucescent above, pubescent toward the base; 
leaves green and evident at flowering time, almost altogether basal, not dis- 
tinctly dimorphic since the cauline commonly much reduced, inconspicuous 
or wanting, the lower irregularly pentagonal or rhomboidal, the blade ample, 
4-6 cm. across, with 3 to 5 unequal broad primary divisions, the ultimate 
divisions few, variable, blunt to acute, glabrate except for the long spreading 
hairs along the veins and on the margins (or when the blade is only 2-3 cm. 
wide then hairy-pubescent on both surfaces and the segments involute), the 
petioles always white-pilose or ciliate; racemes loose, elongating in fruit, the 
flowers few, commonly greenish-white tinted with green or red umbo, often 
variable in the same colony, the pedicel about equaling the spur ; sepals oval 
or nearly oblong, obtuse or barely acute, puberulent but without a median 
band of pubescence, often umbonate, (7 to) 9-10 mm. long, the spur often 
curving upwards, rather stout, 7-10 mm. long; immature follicles indicate 
the same characters as I), hameni hanseni, the fruiting racemes 15-20 cm. 
long ; ripe seeds unknown. 

Small colonies in thin rocky or sandy soils among boulders and shrubs, 
commonly in the shade, sometimes about waterfalls and springy seeps at 
higher elevations, generally in Blue Oak-California Buckeye association, less 
often witii Liboccdrus along the streams, from 1500-4000 feet. May. 

Representative material: California — mariposa: foot of Yosemite Falls, 
Chandler 1144; Mariposa, 1883, Congdon. madera: Raymond, Eastwood 
12528; Fresno Creek, Hall 10044. fresno : Dunlap, Jepson 2758; 1 mi. }iw. 
Squaw Valley, 1600 ft., Constance 2226. tulare ; Porterville, 1900, Dndley; 
Tule R., 1897, Dudley; Pine Plat near Calif. Hot Sprs., Mosley ^579; Lemon 
Cove, Bacigalnpi 1189; Springville, Purpus 5049; Kaweah R. Basin, Hop- 
ping 22. KERN: Erskine Creek, Purpus 5016 (USNII) ; Kern R. Canyon, 
Peirson 7316, Abrams 11987 ; Caliente (^reek Canyon, Keck 2264. 

Delphinium hanseni arcualum shows considerable variability in its char- 
acters, even within the same colony. It represents quite uniformly the pale- 
flowered phase of this species. One collection, Bacigalupi 2344 (Ewan Herb.), 
from 5 mi. s. Fairview, Lower Kern R. Canyon, 3200 ft., Tulare Co., is re- 
markable for the bright blue flowers in an elongated sparsely flowered 
raceme. The leaves are typical of D. hanseni arcuatum but the fact that D. 
purpusii grows in the same region (Bacigalupi 2342, Lower Kern R. Canyon, 
3520 ft.) suggests the possibility of hybridization with that species. The 
flower color of Bacigalupi 2344 is unlike that seen among any of several 
score collections of D. hanseni. 

Some collections are intermediate between the two subspecies D. hanseni 
hanseni and D. hanseni arcuatum. These plants which combine characters 
are numerically few among the total series studied and come from both 
extremities of the range of arcuatum. These intermediates may be illustrated 
hy three combinations : a. dark blue and whitish flowers in same colony, as 
Mariposa, 1895, Congdon (Dudley Herb.) and Kings R., Fresno Co., 1923, 
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Duncan (Dudley Herb.) ; b. subsp. Hanseni as to flower color and inflor- 
escence but subsp. arcuatum in leaf characters, as Greenhorn Range, Kern 
Co., Hall & Babcock 5065 (Univ. Calif. Herb.). This collection was placed 
in D, hanseni kernense with some question by Davidson ; c. variation in shape 
of follicle within same collection: Raymond, Madera Co., Eastwood 12528 
(Pomona Coll.). 

Ic. D. HANSENI var. KERNENSE Davidsoii, Muhl. 4 : 37. 1908, based on 
Hasse & Davidson 1703 from “dry sunny slope,’’ Mt. Cummings, Tehachapi 
Range, Kern Co., Calif. Type (Los Angeles Mus. Herb. 3976) studied. 

Stout, strict, simple-stemmed perennial 20-35 cm. tall, arising from a 
cluster of deep, stout, woody roots, the stem cyaneous, puberulent above, 
pubescent toward the base with short curling hairs ; leaves chiefly basal, sub- 
orbicular or broadly deltoid, the ultimate segments bluntish or shortly acute, 
mucronate, shaggy-white pilose, especially along the veins beneath, thinly 
pilose above, 3.0^.5 cm. long, 4.5-5.5 cm. broad, the petioles noticeablj’’ long, 
3-4 or even 10 cm. long, pilose ; raceme rather dense, short, 5-8 cm. long, the 
flowers pale bluish white, sepals ovate, 7-10 mm. long, recurved at tips, uni- 
formly puberulent externally, about equaling the lower petals, the blade of 
petals rounded, scarcely emarginate, the spur short, 6-9 mm. long; follicles 
unknown. 

Small colonies on grassy slopes among scattered shrubs of Ceanothus or 
Arctostaphylos, just below the thin forest of Yellow Pine. Dr. Davidson re- 
ports that Mt. Cummings was reached from the east, camping near “Dr. 
Minne’s Mine” about seven miles west of Tehachapi station (see Muhl. 4 : 
65-68. 1908). Bauer does not record this Delphinium for the Tehachapi 
Range (Bull. S. Calif. Acad. Sci. 29 : 96-99. 1930). 

Other collections examined: California — kern: Caliente Creek, F. Grin- 
nell 12 (USNH) ; Bisses sta,, Dudley 469 (USNH, Dudley Herb.) ; near 
Bena, Tehachapi, 1000 ft., IV 1928, //. L. Bauer (Univ. S. Calif.). 

When characterizing D. amabile pallidum I then (1936, 337) placed Z>. 
hanseni kernense there as a doubtful synonym of that subspecies of the Mt. 
Pinos region to the southwest of the Tehachapi Range. At that time T had 
seen but one other collection aside from Davidson’s type. Moreover, the type 
collection of kernense is singular in some respects ; of course it is an early 
season collection. Though the seeds are still unknown to me I am restoring 
this subspecies to its original alliance with D, hanseni. All of the collections 
cited by me under D. amabile pallidum are properly that species. Though 
these local Kern County delphiniums agree in having a stout strict habit, 
nearly the same pallid flower color, and flower size, they may be distin- 
guished as follows : 

Raceme densely flowered; flowers bluish white; lower petals scarcely emar- 
ginate ; leaves shaggy- white pilose hanseni kernense 

Raceme rather open to densely flowered; flowers whitish; lower petals dis- 
tinctly emarginate ; leaves generally glabrous I?, amabile pallidum 
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MISCELLANEA OP VARIOUS NOTEWORTHY DELPHINIUMS 

For purposes of citation in current floristic surveys and manuals it is 
desirable to append here the following notes relative to species belonging to 
other series or subsections of the genus : 

1. D. bakeri Ewan, sp. nov., based on Milo 8. Baker 9489 from Coleman 
Valley, Sonoma Co., Calif., V 1939. Type (Ewan Herb, at TJniv. Colo.) and 
isotype in M. S. Baker Herbarium, Santa llosa Junior College, Calif. 

Slender comely perennial 50-65 cm. tall, arising from a cluster of thick- 
ened tuberiform fleshy roots, the stems erect, rather fistulous, dark reddish 
below, subglabrous with thinly scattered hairs, leafy throughout, the leaves 
decorative, not withering at flowering time, ample, rather thin, the blades of 
the principal leaves Ranunculus-like, 6.5-7.5 cm. wide, shallowly pentafid, 
the primary segments of broadly cuneate lobes, these again crenately toothed 
into short-apieulate or mueronulate teeth, the upper cauline leaves reduced 
and more deeply 5- or 3-divided, all glabrous or nearly so, a little paler 
beneath, the petioles slender, subamplexicaul by a flaring base, the base 
fuscous-hirsute with spreading golden (? glandular) hairs; racemes short- 
oblong, rather loosely few-flowered (5-15), the flowers on ascending or 
spreading pedicels 8-20 mm. long at anthesis, their sepals dark blue or 
purplish but bright, lance-ovate, acute, 11-13 mm. long, glabrous, a little 
shorter than the slender nearly straight spur, the upper petals, oblique, some- 
what crisped, white, the lower petals erosulate or irregularly notched, the 
blade oblong, blue-purple, inconspicuously villous with a few whitish hairs ; 
immature follicles slender, suberect, glabrous, venuVose, with rather promi- 
nent cusps ; seeds unknown. 

Herba perennis caulibus erectis gracilibus, 50-65 cm. alfis, e radice 
grumosa tuberiforma, simplicibus, interdum fistulosis, furvis, subglabris; 
foliis consimilis Ranunculo, exmarcidis, amplis, interdum tenuis, 6.5-7. 5 cm. 
latis, pentapartitibus, segmentis lato-cuneatis divisis crenatis et breve apicu- 
latis vel mucronulatis, caulibus superioribus reductis, profunde pentapartiti- 
bus vel tripartitibus, omnino glabris vel prope, pallidis subter, petiolis 
gracilibus subamplexicaulibus lucidis hirsutisque atque (?) glandulosis; 
racemis suboblongis, floribus 5-15, inferioribus remotis, pedicellis divaricatis 
vel ascendentibus 8-20 mm. longis, sepalis atrocaeruleis tamen lucidis lanceo- 
ovalibus acutis, 11-13 mm. longis, glabris, calcar subrectis gracilibusque 
longioris quam sepalis, petalis superioribus obliquis, crispulatis, candidis, 
inferioribus oblongis, erosulatis, atrocaeruleis, vix villosulis; folliculis im- 
maturis suberectis et gracilibus glabrisque venulosis, cuspide prominentiore 
ornatis ; seminibus ignotis. 

Delphinium bakeri is a remarkable species. Mr. Milo S. Baker writes 
(3 IV 1940) that he has known of its existence for eight to ten years but has 
never seen it elsewhere. The species grows today along fence rows and in 
heavy low brush but was formerly much more abundant than now at Coleman 
Valley, growing where there are now grainfields. The ranch where it grows 
‘‘has been used as a dairy ranch all these years. It is now nearly extinct on 
this ranch at least. I thought,’’ says Mr. Baker, “it rather closer to D. trolli- 
folium than to any other local species. However it does not seem to be poison- 
ous to stock as is that species.” Coleman Valley, west of Occidental, at an 
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elevation of from 400 to 500 feet, has a colony of Ranunculus orthorhynchus, 
which, according to Milo Baker, is otherwise not known from Sonoma County 
but does occur in Lake County at 2300 feet. Also growing with this larkspur 
is Potentilla data, as Mr. Baker says, ‘‘where one would expect P. calif or- 
nica,” Again, Potentilla data occurs near Ranunculus orthorhynchus in 
Lake County. Keck, under Horkelia, records (Lloydia 1: 84. 1938) three 
collections of this Potentilla for Sonoma County. The distribution of these 
three species belonging to two plant families suggests that they are relicts 
in the present flora of California’s North Coast Ranges. It will be particu- 
larly interesting to discover Delphinium hakeri in Lake County ! Prints of 
the unique type collection will be distributed to several herbaria and to 
other interested persons in the hope that this fast disappearing larkspur may 
be saved from extinction. 

2. D. caprorum Ewan, sp. nov., based on J. W. Thompson 15206 from 
Goat Rocks, 7000 ft., Cascade Mts., Wash. Type (Ewan Herb, at Univ. 
Colo.), isotypes to be distributed. 

Showy stout low subsiicculent perennial 15-20 cm. tall, arising from a 
slender basal stem upon a cluster of cord-like deep-seated roots; stem simple, 
glabrous, cyancous or pale; leaves predominantly basal, orbicular in outline, 
2.5-5.5 cm. wide, tripartite, the lateral primary segments again ternate, the 
ultimate segments oblong, approximate or close-set or even oval and over- 
lapping, all obtuse, mucronulate, the veins prominent, the lower leaves on 
spreading petioles 10-12 cm. long; racemes showy, oblong, rather loosely 
7-15 flowei*ed, tardily elongating below; flowers on ascending pedicels, 
lightly villous distally, large, 15-24 mm. long, their sepals oval to ovate, 
obtuse oi‘ barely acute, dark blue or purplish, rather dull externally, finely 
dark venose, 14-17 mm. long, 7-11 (or 13!) mm. wide, glabrous or with a 
light band of pubcruleiice inedianly, the spur about equaling sepals, pro- 
portionately slender, curving at the tip, acute, the upper petals clavate- 
oblong, white, darkly venulose, the lower petals erosulate and shallowly 
retuse, the blades siiborbicular, dark blue-purple, with a central floe of white 
curling hairs; follicles oblong, nearly parallel, only a little spreading, 11-14 
mm. long, hirsutulose dorsally, rather faintly venulose; seeds oblong or 
bullet-shaped 2 mm. long, jet-black with a narrow white wing on the weak 
angles. 

Herba liumilis speciosis perennis caulibus rigidis subsucculentis 15-20 
cm. altis, e radice valido funiforma, siraplicibus, eaesiis glabrisque; foliis 
imprimis ad eaulis basim confertis, orbicularis, 2.5-5.5 cm. latis, tripartiti- 
bus, segmentis lateralis contra ternatis, divisis oblongis vel approximatis 
etiam ovalis valvatisque, omnino obtusis, mucronulatis, venosis, foliis in- 
ferioribus petiolatis 10-12 cm. longis ; racemis speciosis, oblongis, patentibus 
atque tarde elongatis ; floribus 7-15, magnis, sepalis ovalis vel ovatis, obtusis, 
14-17 mm. longis, 7-11 (vel. 13!) mm. latis, atro-caeruleis vel purpurascen- 
tibus, ab exteriore parte pallescentibus glabrisve, calcar subae^ualibus, 
acutis, gracilis, petalis superioribus clavato-oblongis, albidis, inferioribus 
erosulatis atque retusis, suborbicularis, purpurascentibus, albo-villosulis; 
folliculis oblongis, subparallelibus vix divaricatisque, 11—14 mm. longis, ad 
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dorsum hirsutulosis, seminibus oblonj?is vel g:laudiformis 2 mm. longis, 
nigerrimis, impressis infirme anjrulatis similiter sordido-albidis alatis. 

This species is probably highly localized. It grows on alpine rock slides 
or scree and is known only from Goat Rocks or Goat Mt., southeast of Mt. 
Rainier. It is unmistakably related closely to another little known endemic, 
Delphinium glareosum of the Olympics, from which it differs chiefly in 
characters of the inflorescence and flower size, as here tabulated : 


Delphinium caprorum 
Stems 15-20 cm. tall 

Spur and sepals exteriorly lightly pubes- 
cent, not at all glandular 
Pedicels a little villous just subtending the 
flower 

Flowers 15-24 mm. long, very showy 
Follicles hirsutulose dorsally 
Based on type, Thompson 15206 


Delphinium glareosum 
Stems 22-38 cm. tall 

Spur and sepals exteriorly villose and more 
or less glandular 

Pedicels villous with conspicuous hairs, 
glandular for distal i of its length 
Flowers 12-18 mm. long, moderately showy 
Follicles wholly glabrate 
Based on type. Piper 2003 (Notre Dame 
Herb. 3334) and H. E. F. L. Bailey 
293 (Ewan Herb.), ridge betw. Hayden 
Pass and Mt. Clay wood, Mt. Olympus 
Nat. Mon, 


This larkspur resembles Delphinium glareosum in its general habit, 
leaves, spreading pedicels and purplish-blue flowers. It is likewise a plant of 
scree slopes. D. caprorum is doubtless referred to by Piper (PI. Wash. 280) 
when he places Allen 146^ Goat Mt, under D. bicolor. That is not an alpine 
species, however, and differs in several particulars from either 'bf these 
apparent relict species of Washington’s older mountain summits. 


3. D. NUDicAULE forma elatium (Thompson) Ewan, comb, nov., based on 
D. nudicaule var. elatius Thompson, Garden 19: 234. 1881, in turn based 
on (?) garden plant, the ‘‘taller form with more leafy stems, the flowers 
rather longer with more slender spurs than in the typical state.” 

The English amateur gardener, William Thompson (1823-1903), drew 
the distinctions between typical D. nudicaule and forma elatium even before 
the date given above. In the periodical Garden, for June, 1873, vol. 3, p. 
477, he itemized the observed distinctions as noted in horto. These should be 
given some field attention but at present there is no apparent phytogeo- 
graphic significance in the distribution of forma elatium. 


Typical Delphinium nudicaule 
Stems 3-6 dm. high, scarcely leafy 

Tubers rarely more than 5 cm. long 
Flowers seldom more than 25 mm. long 
Spur stout, short, curving 
Petals more or less included 
Seeds numerous 


D. nudicaule forma elatium 
Stems 5-10 dm. high, leafy, giving a pyra- 
midal aspect 

Tubers 12-20 cm. long, divergent 
Flowers 25-40 mm. long 
Spur slender, straighter 
Petals rather distinctly exserted 
Seeds few, ‘ * more than twice as large ’ ^ 


Representative collections: California — mendocino: Longvale, 8. W. 
Hutchinson 5587. napa : Sarco Creek, 5 mi. above Napa, Ewan 8662. Forma 
elatium is apparently an established ecad, favoring brushy slopes associated 
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with Ceanothus, Arctostaphylos, Symphoricarpos, Quercus garryana and 
Acer macrophyllum. 

4. D. PATENS subsp. greenei (Eastw.) Ewan, comb, nov., based on D. 
(jreenei Eastw., Bull. Torrey Club 28: 674. 1901, in turn based on T. S. 
Brandegee coll., 29 V 1891, from Coburn Mills, s. Sierra Nevada, Fresno 
Co., Calif. Type (Calif. Acad. Sci. Herb. 232) studied. 

5. D. PATENS subsp. montanum (Munz) Ewan, comb, nov., based on D. 
parryi var. montanum Munz, Bull. S. Calif. Acad. Sci. 31: 61. 1932, in turn 
based on Mum 6846, Vincent Gulch, San Gabriel Mts., Los Angeles Co., 
Calif. Type (Pomona Coll. Herb. 18068) studied and type locality visited. 

6. D. scopulorum Gray, PI. Wrightianae 2: 9. 1853, based on Charles 
Wright 842 from ‘‘mountain ravines near the Mimbres, New Mexico.’’ Iso- 
type (Phila. Acad. Nat. Sci.) studied and reproduced here as figure 1. This 
sheet is even a somewhat better representation than the type (Gray Herb.). 

More than thirty years ago E. 0. Wooton expressed the view (Bull. 
Torrey Club 37 : 36. 1910) that “most of the material which has been passing 
as 2>. scopulorum is not very closely related to that species.” The present 
author reiterated this view recently (Jour. Wash. Acad. Sci. 29: 477. 1939). 
It is this prevalent misinterpretation that leads me to publish a photo of 
this apparently highly localized and distinctive Delphinium, There is at 
present no sound explanation to account for its erratic distribution. The 
only Colorado collection so far seen is Parry 85 from “gravelly banks, dry 
ravines,” July, 1862, with the generalization “Rocky Mts.” Prom our 
knowledge of Parry’s botanical activities in Colorado it can be placed more 
precisely as the Clear Creek watershed of central Colorado (cf. Ewan in 
April, 1941, Trail and Timberline, Colo. Mt. Club monthly). Identical in 
every respect is Hall & Harbour 26 from the Rocky Mountains of Colorado, 
1862. From the fact that these two collectors, Elihu Hall and J. P. Harbour, 
accompanied Parry during the season of 1862 is deduced this identity of 
specimens. 

The relationships of D, scopulorum are with the species of the Mexican 
Sierra Madre Occidental, belonging to a wholly unrelated series from the 
more familiar and northern D, occidentale and D, glaucum. These northern 
Delphiniums are related to the Eurasian members of the Tribus Elatopsis 
of Huth. This phylogeny will be treated elsewhere. Meanwhile collectors are 
directed to true D, scopulorum in the hope that fruiting specimens will be 
taken from several stations in New Mexico and Colorado. 

7. D. BURKEi Greene, Erythea 2 : 183. 1894, based on Burke coll,, 1844-46, 
sine numero, from “Snake Country,” that is, the Snake R. country of Idaho. 
Type at Kew ; isotype should be looked for at Brit. Mus. Nat. Hist. D, simplex 
Dougl. ex Hook., PI. Bor. Am, 1: 25. 1829, based on Douglas coll, from “sub- 
alpine range, west of Rocky Mts., near the Columbia [R.] ”; not D. simplex 
Salisb., 1796. Type (Kew Herb.) is pale-flowered form and was compared by 
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Fig. 1. Isotype of Delphinium scopnloriim Gray. 

Carl Epling with Epling & Houck 9200, Thatuna Hills, Ida., and annotated. 

Delphinium hurkei represents the larkspur still known by the preoccu- 
pied name Z>. simplex Dougl. Greene’s specific name commemorates the 
British collector, Joseph Burke, who fiourished between 1839 and 1846, 
botanizing in South Africa 1839-42, with Zeyher during 1840-41, and in 
North America 1844-46. Very little exact information exists regarding his 
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North American routes and movements (cf. Britten and Boulger, Biog. 
Index Brit, and Irish Bot. ed. 2. 1931). C. V. Piper, who in his Flora of 
Washington is usually informative on biographical items, does not mention 
Joseph Burke. 

8. D. BURKEi subsp. distichiflorum (Hook.) Ewan, comb, nov., based on 
D. simplex var. distichiflorum Hook., London Jour. Bot. 6: 67. 1847, in turn 
based on Geyer 420 from high plains of Spokane and Nez Perces. Type in 
Herb. Hooker, Kew. 

Those plants of Delphinium burkei with puberulent to wholly glabrous 
lower stems and leaves, the raceme densely compact, 30-45-flowered, is subsp. 
distichiflorum. It is apparently infrequent over the range of the species. 

9. D. umatillense Ewan, sp. nov., based on F, A, Warren 2089 from s. 
slope ]\Iadison Butte, Morrow Co., Oregon, 10 VIII 1937 and specimen in 
follicle, garden grown at Port Orchard, Wash., coll. 30 VI 1938. Type in 
Ewan Herb, at TIniv. Colo. 

Tall leafy perennial, 0.5-1. 0 m. high, simple or branching from the base, 
arising from a woody fibrous clustered root, the stems green, slender, solid, 
puberulent and finely red fiecked, rather evenly clothed with leaves, the 
leaves persistent at flowering time, ample, thin-textured, light green, the 
blades pentagonal, Acer-like flabelliform, 7-10 cm. wide, puberulent to 
glabrate, the primary segments cuneate, these again divided into lance- 
acuminate lobes, the ultimate segments acute ; racemes oblong, rather open, 
15-20-flowered, flowers 36-30 mm. long, on slender spreading pedicels, the 
sepals lanceolate, acuminate, jmckered or crisped at tips, 11-13 mm. long, 
bright lively blue, yellowish below, the upper petals oblique rhomboid, 
entire ajid truncate, white on side, the lower petals uniformly light blue, 
the blades suborbicular, villous with curling white hairs; follicles nearly 
straight, erect or subparallel, venose, 14-16 mm. long, finely villous-pubes- 
cent, the cusps slender, erect ; seeds dark, narrowly wing-margined, 2.0-2.5 
mm. long, subtriquetrous. 

Herba perennis caulibus erectis gracilibus, 0.5-1.0 m. altis, e radice tenui 
lignosa, simplicibus vel I’amosis ad caulis basim, glabris vel puberulentis; 
foliis prorsus ad caulis distributis, i)entapartitibus, segmentis cuneatis divisis 
lanceo-acuminatis, non filiformis ac brevioribus linearis, non mucronnlatis ; 
foliis caulibus aliquantulum reductis sed conspicuis, omnino puberulentis 
vel glabratis; racemis elongatis atque subpatentibus ; floribus 26-30 mm. 
longis, pedicellis divaricatis, elatis, sepalis lanceolatis acuminatisve lucidis 
caeruleis et crispulis, 11-13 mm. longis, petalis superioribus rhomboidalis 
obliquisque integerrimis truneatisque, caeruleis in partim, albidis in partim, 
inferioribus suborbicularis omnino caeruleis et albo-villosis ; folliculis sub- 
oblongibus, venosis, 14-16 mm, longis, villosulis, cuspide gracilibus, erectis, 
seminibus subtriquetris, 2.0-2.5 mm. longis, atrofuliginis impressis angulatis 
angustior similiter alatis. 

Rocky mountain slopes and ridges, associated with Juniperus occiden- 
talis, Wyethia ample xicaulis, Balsamorrhiza sagittata and species of 
Artemisia, of the arid Transition Zone of eastern Oregon. The type was 
taken in Uhiatilla National Forest on the upper slopes of the John Day 
River catchment basin, lying to the west of the Blue Mts. 
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The systematic position of this species can be best shown by a table con- 
trasting Delphinium umatillense with D. megacarpum, known from this 
region, and D. geyeri of the plains and basins of more interior Idaho and 
eastward. Aside from their close morphology, then, these three related Del- 
phiniums are likewise close geographic allies. (See table 1). 

TABLE 1 


Comparative morphology of three species of Delphinium 


Characters 

D. megacarpum 

Z>. umatillense 

I), geyeri 

Stems 

few-leaved, green 
cinereous-puberu- 
lont below 

leafy, green, gla- 
brous or nearly so 

leafy, ashy 
pruinose-puberu- 
lent below 

Basal leaves 

suborbicular 

Acer-like, flabclli- 
form, pentagonal 

Acer-like flabelliform, 
pentagonal 

Base of primary 
segments of Ivs. 

cuneate 

cuneate 

siibfiliform-linear 

Base of petioles 

conspicuously 

hirsute-ciliate 

puberulent, not at 
all hairy 

puberulent, not at all 
hairy 

Flowers 

dark-blue, rather 
densely racemose 

bright lively blue, 
loosely racemose 

bright lively blue, 
loosely to densely race- 
mose 

Sepals 

softly hirsute'^ 

finely villous- 
puberulent, all 
lanceolate and 
acuminate 

villose-puberulent, esp. 
mediaiily, the lateral 
•sepals ovate, obtuse or 
apiculate 

Spur 

as long as 
sepals, nearly 
straight 

11-2 times as long 
as sepals, curving 
and deflexed at tip 
(straight in bud) 

1^-1 i times ^ as long as 
sepals, slightly deflexed 
at tip or nearly straight 
(upeurving in bud) 

Follicles 

venose, puberulent, 
18-25 mm. long, 
closely erect and 
parallel 

venose, finely 
villose, 14-10 
mm. long, erect 

venose, finely hirsutu- 
lose, 13-15 mm. long, 
erect or a little di- 
vergent 

Seeds 

dark, narrowly 
wing-margined 

dark, narrowly 
wing-margined 

columnar-pyramidal, 
strongly margined 

Data based on 

Type, Nelson ^ 
Machride 1779 
(Univ. Wyo. Herb.) 

Type, F. A. Warren 
20 SD (Ewan Herb, 
at Univ. Colo.) 

Nelson 7340, Ewan 
11262, Eamaley 16372, 
and Cockerell s. n. (all 
Herb. Univ. Colo.) 


It may be suggested that Delphinium umatillefise is of hybrid origin 
following the establishment of D, megacarpum in its present range in eastern 
Oregon and at a time when D, geyeri ranged farther to the west than at 
present. By reference to table 1 it will be seen that Delphinium umatillense 
is morphologically more or less intermediate between the two described 
species, combining leaf charaj«ters of D, megacarpum with the flower color of 
J>- geyeri. 

University of Colorado 
Boulder. Colorado 



BULLETIN OF THE TORBEY BOTANICAL CLUB 


69 ( 2 ): 151^155 


February, 1942 


NEW NORTH AMERICAN UMBELLIFERAE 

Mildred E. Mathias and Lincoln Constance 

Hydrocotyle bowlesioides Mathias & Constance, sp. nov. Caules 
graciles proeiimbentes hirsuti ; folia non peltata, siibrotundo-reniformia, ad 
basim sinii praedita, petiolis exelnsis 1-2 cm. lon^a, 1.5-3 cm. lata, martini- 
bus breviter 5-lobatis, lobis obtuse triang:ularibus crenatis subaequalibus, 
utrinque liirsutis; petiolus gracilis, 1-12 cm. longus, praecipue ad apicem 
versus reflexo-hirsutus ; pedunculi 0.2-1.2 cm. longi, quam folia multo 
breviores, axillares graeiles sparse hirsuti ; umbel lae non proliferae, globosae, 
2-10-florae; styli persist entes ; stylopodium depressuni; fructus sessilis, in 
ambitu ellipticus, circa 1 mm. longus, 1.5 mm. latus, in intervallis minute 
hispidulus, costis manifestis, acutis subaequalibus. 

Stems slender, creeping, hirsute; leaves not peltate, roundish -reniform 
with a sinus at the base, excluding the petiole 1-2 cm. long, 1.5-3 cm. broad, 
the margins shallowly 5-Iobed, the lobes obtusely triangular, crenate, sub- 
equal, hirsute on both surfaces; petiole slender, 1-12 cm. long, reflexed- 
hirsute especially above; i)eduncles much shorter than the leaves, axillary, 
slender, 0.2-1. 2 cm. long, sparsely hirsute; umbels not proliferous, 2-10-flow- 
ered, globose; the styles persistent; the stylopodium depressed; fruit sessile, 
elliptical in general outline, about 1 mm. long, 1.5 mm. broad, finely his- 
pidulous ill the intervals, the ribs evident, acute, subequal. 

Type: ^1. F. Skutch wet pasture. Vara Blanca de Sarapiqui, north 
slope of Central Cordillera, between Poas and Barba volcanoes, Costa Rica, 
alt. 1740 m., February, 1938 (United States National Herbarium, No. 
1,643,724). 

This species is most closely allied to H, Torresiana Rose & Standi, by 
virtue of its shallowly lobed leaves, short peduncles and sessile fruit, but is 
clearly separable by its fewer leaf lobes and hispidulous fruit. Both species 
are endemic to the Central Cordillera of Costa Rica, H. Torresiana occurring 
to the south of H, howlesioides, on Volcan de Turrialba. The specific name 
of the new entity indicates its superficial vegetative similarity to certain 
members of the genus Bowlesia Ruiz & Pavon. 

Arracacia Schneideri Mathias & Constance, sp. nov. Herba crassa caules- 
cens, ramosa, e radice magna carnosa, circa 8-10 dm. alta, foliis inflorescenti- 
busque puberulis; folia in ambitu ovata, petiolis exclusis 1-1.5 dm. longa, 
circa 1 dm. lata, ternata deinde 1-2-pinnati, foliolis ex lanceolatis ad ovatos, 
ad apicem acutis, ad basim cuneatis, ex distinctis ad eonfluentes, plerumqiie 
sessilibus, 1-4 cm. longis, 0.1-1.5 cm. latis, acute serratis, rhachibus foliisque 
puberulis ; petioli crassi, 7-10 cm. longi, ad basim vaginis latis ; folia caulina 
basiliaribus similia, vaginis late dilatatis; inflorescentia pauciramosa, pedun- 
culis non-nihil crassis, 8-9 cm. longis, dense puberulis ; involucrum bractea 
unica foliacea, obsoletum; involucella bracteolae paucae ineopspicuae ex 
lanceolatis ad filiformes integrae, 3-10 mm. longae, quam flores^ et fructus 
longiora vel breviora ; radii fertiles crassi, 12-20, patenti-adscendentes sub- 
aequales, 2-3 cm. longi, dense puberuli ; flores eburnei, petaliiS obovatis ; stylo- 
podium indistinctum depressum, stylis tenuis patentibus, ovario glabro ; car- 
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pophoruni bifidum ; f ructus ovato-oblonj^us, 7-8 mm. longus, 3-4 mm. latus, 
}<laber ad apicem attenuatus, costis prominentissimis acutis ; vittae majrnae 
solitariae in valleculis, 2 in commissura; semina sub vittis eanaliculata facie 
sulcata. 

Stout, caulescent, branchinj^, from a large fleshy root, about 8-10 dm. 
high, the foliage and inflorescence puberulent ; leaves ovate in general out- 
line, excluding the petioles 1-1.5 dm. long, about 1 dm. broad, ternate, then 

1- 2-pinnate, the leaflets lanceolate to ovate, acute at apex, cuneate at base, 
distinct to confluent and usually sessile, 1-4 cm. long, 0.5-1.5 cm. broad, 
sharply serrate, puberulent on the rachis and leaflets; petioles stout, 7-10 
cm. long, broadly sheathing at base; cauline leaves like the basal, with 
broadly dilated sheaths; inflorescence sparingly branched, the peduncles 
rather stout, 8-9 cm. long, densely puberulent; involucre wanting, or o&a 
foliaceous bract; involucel of several inconspicuous, lanceolate to filiform, 
entire bractlets, 3-10 mm. long, longer or shorter than the dowers and fruit ; 
fertile rays stout, 12-20, spreading-ascending, subequal, 2-3 cm. long, 
densely puberulent; pedicels spreading-ascending, 4-6 mm. long, puberu- 
lent; flowers creamy-white, the petals obovate; stylopodium indistinct and 
depressed, the styles slender, spreading, the ovary glabrous; carpophore 

2- eleft to the base ; fruit ovate-oblong, 7-8 mm. long, 3-4 mm. broad, gla- 
brous, tapering at apex, the ribs very prominent, acute ; oil tubes large, soli- 
tary in the intervals, 2 on the commissure ; seed deeply channeled under the 
tubes, the face sulcate. 

Type; R. A. Schneider 1051, rocky slope at timberline, Cerro Potosi, 
Municipo de Oaleana, Nuevo Leon, alt. 12,100 feet, August 4, 1938 (Her- 
barium of the Field Museum of Natural History, No. 958,958). 

This species is a member of an anomalous j?roup in the genus,' character- 
ized by the possession of a depressed and inconspicuous stylopodium, instead 
of the usual conical one. Arracaciu Schneideri appears to be most closely 
related to A. vaginata Coult. & Hose, of southern Mexico, from Avhich it may 
readily be distinguished by its more compound leaves, with acute leaflets, 
its conspicuously inflated cauline leaf sheaths, and its much more numerous 
fertile rays. 

Oxypolis Greenmanii Mathias & Constance, sp. nov. Plantae 18-24 
dm. altae; folia ad phyllodia septata fistulosa reducta, 2.5-4.5 dm. longa, 
vaginis 8-12 cm. longis ; pedunculi 5-15 cm. longi ; involucra bracteae plures 
lanceolato-acuminatae, 10-20 mm. longae ; involucella bracteolae subulatae, 
2-8 mm. longae; radii 16-19, patentes, paullo inaequales, 2.5-5 cm. longi 
(per anthesin) ; pedicelli patentes, 3-15 mm. longi; flores atropurpurei ; 
ealycis dentes conspicui ; fructus non visus. 

Plants 18-24 dm. high ; leaves reduced to hollow, septate phyllodes, 2.5- 
4.5 dm. long, the sheaths 8-12 cm. long ; peduncles 5-15 cm. long ; involucfe 
of several lanceolate-acuminate bracts 10-20 mm. long ; involucel of subulate 
bractlets 2-8 mm. long; rays 16-19, spreading, slightly unequal, 2.5-5 cm. 
long (in flower) ; pedicels spreading, 3-15 mm. long; flowers dark purple; 
calyx teeth conspicuous ; fruit not seen. 

Type; A. W, C/ta*pman; We wahitchka. Gulf County, western Florida, 
August, 1896 (Herbarium of the Missouri Botanical Garden, No. 787,696). 

Oxypolis fUiformis (Walt.) Britt, is apparently the nearest relative of 
this species. In general, 0. Greenmanii may be distinguished from 0. fili- 
fornnis by its greater stature, much larger phyllodes, more numerous rays 
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and deep purple flowers. Fruiting material is needed before the relationship 
between the two species can be properly judged. The species is named for 
Dr. J. M. Greenman, who first recognized its distinctness. 

Lomatium Hamblenae Mathias & Constance, sp. nov. Plantae acaules- 
centes vel brevi-caulescentes, 1-3.5 dm. altae ex tubere globoso, circa 1.5 cm. 
diametro, glabrae ; folia in ambitu obovata, petiolis exclusis 4-12 cm. longa, 
univel biternata, deinde pinnata vel pinnato-lobata, divisionibus ultimis 
remotis linearibus 5-23 mm. longis, 1-3 mm. latis acutis apiculatis ; petiolus 
2-5 cm. longus, scariosus vel late scarioso-marginatus ad basim vaginatus ; 
pedunculi folia excedentes; involucella bracteolae paucae, inconspicuae 
lineares lanceolataeve, distinctae connataeve quam pedicelli plurimum 
breviores; radii 2-8, adscendentes, 4-8 cm. longi inaequales; pedicelli 15-25 
cm. longi, umbellulis 10-15-floris; flores claro-lutei ; friictus lineari-oblongus, 
4-7 mm. longus, 2-3 mm. latus, glaber, alis quam corpore multo angusti- 
oribus. 

Plants acaulescent or short-caulescent, 1-3.5 dm. high, from a globose 
tuber about 1.5 cm. in diameter, glabrous; leaves obovate in general outline, 
excluding the petiole 4-12 cm. long, once or twice ternate, then pinnate or 
pinnately lobed, the ultimate divisions remote, linear, 5-23 mm. long, 1-3 
mm. broad, acute, apiculate ; petioles 2-5 cm. long, scarious or broadly scari- 
ous-margined, sheathing at base; peduncles exceeding the leaves, involucel 
of a few, inconspicuous, linear or lanceolate bractlets, distinct or connate, 
very much shorter than the pedicels; rays 2-8, ascending, 4^8 cm. long, 
unequal; pedicels 15-25 mm. long, the umbellets 10-15-flowered ; flowers 
bright yellow; fruit linear-oblong, 4-7 mm. long, 2-3 mm. broad, glabrous, 
the wings much narrower than the body. 

Type: Frances G, Hamblen {Mrs, L, /?.), on level scab-rock bench at 
Dry Falls, Grand Coulee, Washington, 1941 (Herbarium of the University 
of California). 

The other bulbous yellow-flowered species do not seem to be closely 
related to the present species. The foliage, slender habit, nearly filiform, 
elongated pedicels and slender fruit point to an affinity with certain of the 
white-flowered species, notably L, farinosum (Geyer) Coult. & Eose. 

Lomatium ciliolatum Jepson var. Hooveri Mathias & Constance, var. 
nov. Varietas speciei similis, multo gracilior, 1.5-3 dm. alta, dense scab- 
erula; folia 6—13 cm. longa, divisionibus (lobis) ultimis linearibus, 1-10 mm. 
longis, non plus quam 1 mm. latis ; petioli 3-7 cm. longi ; pedunculi 8-25 cm. 
longi; radii 3-14, 3-10 cm. longi; pedicelli 3-^ mm. longi; fructus alae 
tenues. 

Like the species, but much more slender throughout, 1.5-3 dm. high, 
densely scaberulous; leaves 6-13 cm. long, the ultimate divisions or lobes 
linear, 1-10 mm. long, 1 mm. or less broad ; petioles 3-7 cm. long ; peduncles 
8-25 cm. long ; rays 3-14, 3-10 cm. long ; pedicels 3-8 mm. long ; fruit wings 
thin. 

Type: Mathias 1298, rocky hillside, 1.9 miles southeast of Napa-Lake 
County line, on road to Knoxville, Napa County, California, May 23, 1937 
(Herbarium of the University of California). 

Specimens examined: California; just east of Lake County line on Wil- 
liams-Clear Lake highway, Colusa County, May 2, 1941, B, F, Hoover 4987, 
^The pubescence, conspicuous bractlets and purple flowers relate this 
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variety closely to the species, of which it is apparently a more slender phase 
of lower altitudes. The foliage is very similar to that of the following species. 

Lomatium Tracyi Mathias & Constance, sp. nov. Plantae acaulescentes, 
1-3.5 dm. altae, ex glabris ad sparse scaberulo-puberulas, e radice primaria 
longa tenui ; folia in ambitu ex oblongis ad ovata, petiolis exclusis 4-10 cm. 
longa, ternata deinde 1-2-pinnata, divisionibus ultimis ex linearibus ad 
oblongos aciitis obtusisve, apiculatis, 1-7 mm. loiigis, 0.4-2 mm. latis ; petio- 
lus 2-5 cm. longus, scariosus ex toto vaginatus; pedunculi folia excedentes; 
involucella braeteolae ex obloneeolatis ad lineares acuminatae saepe petiolu- 
latae, scarioso-marginatae, flores subaecpiantia ; radii ^9 (fertiles 1-6) in- 
aequales, stricte adscendentes glabri vel scaberiili, 0.5-8 cm. loiigi ; pedicelli 
1-5 inm. longi, eorum pauci fertiles; iimbellulae 10-15-florae; flores lutei; 
fructus ex oblongo-ovato ad ovalem, 6-10 mm. longus, 3-5 mm. latiis, ad 
basim et ad apicem plerumque acutus, glaber, alis tenuibus quam eorpore 
miilto angiistioribus ; vittae obsciirae. 

Plants acaulescent, 1-3.5 dm. high, from a long, slender taproot, gla- 
brous to sparsely seaberulous-puberulent ; leaves oblong to ovate in general 
outline, excluding the petiole 4-10 cm. long, ternate, then 1-2-pinnate, the 
ultimate divisions linear to oblong, acute or obtuse, apicnlate, 1-7 mm. long, 
0.4-2 mm. broad; petiole 2-5 cm. long, scarious, wholly sheathing; peduncles 
exceeding the leaves; involueel of oblanceolate to linear, acuminate, often 
petiolulate, scarious-margined braetlets, about equalling the flowers; rays 
4-9 (the fertile 1-6), strictly ascending, 0.5-8 cm. long, very unequal, gla- 
brous or scaberulous ; pedicels 1-5 mm. long, few fertile, the umbel lets 10-15- 
flowered ; flowers yellow ; fruit oblong-ovate to oval, 6-10 mm. long, 3-5 mm. 
broad, usually acute at the base and the apex, glabrous, the wings thii^ much 
narrower than the body ; oil tubes obscure. 

Type; J. P. Tracy 12,895 serpentine gravel flats, especially under yellow 
pines, Grouse Mountain, Humboldt County, California, alt. 5000 feet, July 
25, 1933 (Herbarium of the University of California). 

Specimens examined: Calipornia-humboldt ; in open forest of Jeffrey 
pine, on red soil in serpentine belt, Horse Mountain, alt. about 5000 feet, 
June 20, 1936, Tracy 7610; under yellow pines, serpentine soil, Brannan 
Mountain, alt. 4000 feet, July 10, 1930, Tracy 8869; in gravelly soil, open 
situations, Mary Blaine Mountain, alt. 6400 feet, August 3, 1935, Tracy 
14462; red serpentine soil, French Camp Ridge, alt. 3500 feet, June 23, 
1935, Tracy 13,971. Trinity: near summit on Weaverville road, yellow pine 
forest. Hay Fork Mountain, alt. 3600 ft., June 30, 1923, Tracy 6457 ; open- 
ings among yellow pines. Burnt Ranch, alt. 1500 feet, June 28, 1923, Tracy 
6393. 

The group of species which comprises L. caruifolium (H. & A.) Coult. & 
Rose — with which the present species has been confused, L. marginatum 
(Benth.) Coult. & Rose and L. ciliolatum Jepson, has given a great deal of 
trouble to everyone attempting to construct a treatment of the genus. The 
separation of L. Tracyi will, we believe, make possible a more precise delimi- 
tation of L. caruifolium, and hence facilitate the erection of clearer specific 
boundaries within this group. From L. caruifolium, L. Tracyi differs in its 
lower stature, more slender habit, fewer rays, reduced involueel and sparser 
and usually narrower fruit, as well as in its higher altitudinal range and 
more northerly distribution. 
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Lomatium Peckianum Mathias & Contjtance, sp. nov. Plantae acaules- 
centos, 1-1.5 dm. altae, e scaberulis ad glabras, e radice primaria longa 
tennissima ; folia in ambitu ovato-oblonga, petiolis exclusis 2.5-5.5 cm. longa, 
ternata deinde 1-2-ternata, divisionibus ultimis e remotis ad confluentes, ex 
oblongis ad lineares, apiculatis, 1-18 mm. longis, 0.5-1.5 mm. latis ; petiolus 
2-4 cm. longus, laminae subaequalis, scarioso-marginatus ex toto vaginatus ; 
pedunculi ex vaginis foliorum procedentes, folia excedentes, 6-10 cm. longi ; 
involucella braeteolae obsoletae vel paucae, inconspicuae distinctae lineares 
subaeuminatae subscariosae, pedicellis breviora; radii obsoleti vel 1-3, in- 
aequales adscendentes, ad 3 cm. longi ; pedicelli 2-7 mm. longi ; plerumque 
una umbellula sessilis sterilis; umbellularum flores fertiles 1-7, steriles 
pauci ; flores non visi ; ovaria granulato-aspera ; fructus oblongo-ovalis 2-13 
mm. longus, 4-5.5 mm. latus, ex granulato-aspero ad glabratum, ad basim 
et ad apicem versus atteniiatus, alis quam corpore minoribus dimido latitu- 
dine; vittae obscurae in commissura 6-8, in valliculis paucae. 

Plants acaulescent, 1-1.5 dm. high, from a long, very slender taproot, 
scaberuloiis to glabrous; leaves ovate-oblong in general outline, excluding 
the petiole 2.5-5.5 cm. long, ternate, then 1-2-ternate, the ultimate divisions 
remote to confluent, oblong to linear, 1-18 mm. long, 0.5-1.5 mm. broad, 
apiculate ; petiole 2-4 cm. long, about equalling the blade, scarious-margined, 
wholly sheathing; peduncles arising from a cluster of leaf sheaths, exceeding 
the leaves, 6-10 cm. long; involucel wanting, or of a few, inconspicuous, 
distinct, linear, subacuminate, siibscarious bractlets, shorter than the pedi- 
cels; rays 1-3, ascending, obsolete to 3 cm. long, very unequal; pedicels 2-7 
mm. long, the umbellets with 1-7 fertile flowers and a few sterile flowers, 
one umbellet usually sessile, sterile ; flowers not seen, the ovaries granulate- 
roughened; fruit oblong-oval, 2-13 mm. long, 4r-5.5 mm. broad, granulate- 
roughened to glabrate, narrower toward the base and the apex, the wings 
less than one-half the width of the body; oil tubes obscure, several in the 
intervals, about 6-8 on the commissure. 

Type: M, E, Feck 15^13, dry sterile hillside three miles east of Blye, 
Klamath County, Oregon, June 25, 1927 (Herbarium of Willamette Uni- 
versity). 

The granulate-roughened young fruit would seem to relate this species 
to L. Sandbergii Coult. & Rose, which it does not otherwise closely re.semble. 
It is perhaps more nearly allied to L, nevadense (Wats.) Coult. & Rose than 
to any other species, but is adequately distinct because of its ternately com- 
pound leaves, wholly sheathing petioles, inconspicuous involucel, few rays 
and more slender fruit. 

We wish to express our gratitude to Miss Ethel K. Crum, Assistant 
Curator of the Herbarium of the University of California, for preparing the 
Latin diagnoses for this and other papers. We are also grateful to the cura- 
tors of the herbaria mentioned for the opportunity to see the material cited. 
All collections listed, with the exception of the type specimens, are in the 
Herbarium of the University of California. 

Departmej^t op Botany, University op Calipornia 
Berkeley, Calipornia 
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SUPPLEMENTARY NOTES ON AMERICAN 
MENISPERMACEAE— II 

B. A. Krukoff and H. N. Moldenke 

Through the courtesy of the curators of the two Brazilian botanical insti- 
tutions mentioned below we were privileged recently to study their collec- 
tions of the Menispermaceae. Most of these collections are not represented 
by duplicates outside of Brazil. They were found to be of considerable inter- 
est and are discussed in the present paper. The collections examined extend 
our knowledge of certain species previously known from incomplete mate- 
rial, extensions of ranges are noted for a number of species, and one species 
is described as new. No changes in the nomenclature are necessitated. 

The species are arranged in the same order and the place of deposit of 
specimens is shown by the same abbreviations as in our previous papers (1, 
2, 3). The following new abbreviations are used ; 

PG : Museo Goeldi de Historia Natural e Ethnographia, Para, Brazil. 

SP : Departamento de Botanica do Estado de Sao Paulo, Brazil. 

Ven: Herbario del Museo Comercial de Venezuela, Caracas, Venezuela. 

The majority of collections from the Museo Goeldi are without collectors^ 
numbers. Thus, it has been found necessary to cite them under the numbers 
that were assigned to them at that institution. The abbreviation 
‘^H.A.M.P.’’ stands for Herbarium Amazonicum Musei Paracusis. 

Chondodendron Ruiz & Pavon 

2. Chondodendron platiphvllum (A. St. Hil.) Miers. Additional 
specimens examined: Braziij — rio de Janeiro: Glazion 9348 (PG). sao 
PAULO: Dept, Bot, Sao Paulo 12985 (SP). 

This is the first record of the species from the State of Sao Paulo. 

5. Chondodendron limaciifolium (Diels) Moldenke. Additional speci- 
meris examined: Brazil — para: Sigueira s.n, 8266) (PG — iso- 

type) ; collector undesignated s,n, {H,A.M.P. 9565) (PG), s.n, {H.A.M.P. 
10178) (PG). 

The common name ‘‘abuta’^ is recorded for specimens from Para. In 
our previous paper (1: 22) we stated that fruits of only four species of 
Chondodendron (namely C. tomentosum, C. toxicoferum, C. tomentocarpum 
and C. platiphyllum) were available to us for examination. The above cited 
specimen (H,A,M.P. 10178) of G. limaciifolium is in fruit, which is here 
described for the first time. It i^ now evident that the fruits of this species 
are larger than those of Chondodendron toxicoferum (Krukoff 4754 and 
H.A.M^P- ^^.^8^), which are about 2 cm. long and 1 cm. wide. 

Infructescence racemiform ; fruiting peduncles and rachis stout, densely 
incanous-tomentellous, often greatly abbreviated; fruiting pedicels stout, 

156 



1942] 


KBUKOPP AND M OLDEN KE : MENISPERMACEAE 


157 


1-2.5 cm. long, densely incanous-tomentellous ; torus greatly expanded and 
club-shaped in fruit, 4-5 mm. in diameter ; fruit elliptic, symmetric, basally 
attached, 2.5-2.8 cm. long, 2. 1-2.4 cm. wide, rounded at both ends, the exo- 
carp densely flavescent- or sordid-tomentellous, the mesocarp thin, rather 
woody, the endocarp thin and roughened. 

7. CiiONDODENDRON ToxicoFERUM (Wedd.) Krukolf & Moldenke. Addi- 
tional specimens examined: Brazil: basin of Rio Jurua, Vie 5631 (type coll, 
of C. 2 )olyanthum) (PG). amazonas : basin of Rio I(,'a, Ducke s.n, (ff.A.M.P. 
7657) (PG). ACRE territory : basin of Rio Acre, Iluher s.n. (H.AM.P. 4286) 
(PG). 

SCTADOTENIA MicrS 

1. SciADOTENiA Sagotiana (Eiclil.) Diels. Additional specimens exam- 
ined: BraziIj — PARA: Ooeldi rm. {H,AM,P. 3239) (PG) ; dos Santos s.n, 
(H.A.M.P. 7290) (PG). 

The common name ‘‘abuta miry” is recorded for the specimen collected 
by dos Santos. The species has been known hitherto only from the type collec- 
tion from French Guiana. The fruits are here described for the first time. 

Infructescence dichotoniously branched, the branches usually very short; 
fruiting-peduncles slender, 1.3-2 cm. long, densely cinereous-tomentellous ; 
fruiting pedicels about 3 mm. long, incrassate, densely cinereous-tomentel- 
lous, the torus not expanded; fruit obovate, symmetric, basally attached, 
1-1.5 mm. long, 7-9 mm. wide, rounded at apex, narrowed to the base, the 
exocarp very densely puberulent, wrinkled, the mesocarp very thin and 
probably fleshy when fresh, the endocarp papery, glabrous, very shiny. 

2. SciADOTENiA PARAENSis (Bichl.) AddiUoiial Specimen examined: 

Brazil — amazonas : basin of Rio Jamunda, Ducke s.n. {H.A.M.P. 15685) 
(PG). 

This is the first record of the species from the State of Amazonas. 

8. SciADOTENiA AMAzoNicA Eichl. Additional specimen examined: Peru — 
LORETO: near Iquitos, .v.n. {H.A.M.P. 7588) (PG). 

This is the second collection of the species and the first record of it from 
Peru. The specimen is the first one known with staminate inflorescences. 
A description of the flowers follows: staminate flowers: sepals 18, closely 
imbricate, varying in size, arranged in sets of 3, the outermost set smallest, 
lanceolate, about 1.2 mm. long and 0.4 mm. wide, gradually attenuate to the 
apex, the innermost set largest, elliptic, about 2.5 mm. long and 0.8 mm. 
wide, acuminate at the apex, all densely villous on the back and margins; 
petals 6, subequal, oblanceolate, about 1.6 mm. long and 0.5 mm. wide above 
the middle, thin-textured along the margins, thickened in a median ridge, 
acute at apex, slightly concave, densely villous on the back and margins; 
stamens 6, free, three longer and stouter than the other three, the glabrous 
filaments conspicuously ampliate at the apex. 

9. SciADOTENiA CAYENNENSis Bcnth. Additional specimens examined: 
Brazil — parA: Huber s.n. {H.A.M,P. 519) (PG) ; basin of Rio TrOinbetas, 
Ducke s.n. {H,A.M.P. 15886) {PG). 

Ducke ’s specimen is the first record of the species from the basin of Rio 
Trombetas. He records on the label: “Large vine. Fruits are* orange in 
color.” 



158 


BULLETIN OP THE TORREY CLUB 


[VOL. 09 


10. SciADOTENiA BRACHYroDA Diels. Additional specimens examined: 
Brazil — ^amazonas: basin of Rio Purus, Ooeldi s,n, 3934) (PQ — 

type) ; basin of Rio Iga, Dncke s.n, (H,A.M,P, 7694) (PG). 

12. SciADOTENU Sprucei Diels. Additional specimens examined: Bra- 
zil — ^parA: Miles Moss 90 (W) ; basin of Rio Tapajoz, Ducke s,n. {H.A.M.P, 
16761) (PG). 

The species has been known hitherto only from two collections from the 
basin of Rio Negro, State of Amazonas. Duckets specimen is remarkable for 
its comparatively large leaves resembling in shape those of 8, hrachypoda. 
The collector states: ‘‘flowers yellowish.’’ 

Anomospermum Miers 

1. Anomospermum Sciiomburgkii Miers. Additional specimens exam- 
ined: Brazil — acre territory: Rio Branco, Tile 7702 {H.AM.P, 12809) 
(PG). PARA: Collares, Ducke s.n, (H.A.M.P, 12616) (PG). ceara: Ducke 
s.n. (H.AJI.P. 1503) (PQ) ; Huber sm, (H AM. P. 1862) (PG). 

3. Anomospermum reticulatum (Mart.) Eichl. Additional specimens 
examined: Brazil — amazonas: basin of Rio I(ja, Ducke s.n. (H.A.M.P. 7716) 
(PG). parA: basin of Rio Xingu, Bach s.n. (H.A.M.P, 4149) (PG). 

The Bach specimen is the first record of the species from the State of 
Para. The fruits are here described for the first time. Fruiting pedicels stout, 
about 1 cm. long, short-pubescent ; torus club-shaped in fruit, conspicuously 
expanded to 4 mm. in diameter ; fruit asymmetric, ovate, basally attached, 
about 3 cm. long and 2 cm. wide, the exocarp more or less pustulate-rough- 
ened except at the smooth and shiny points of contact, the mesocarp very 
thick, hard, and bon}^ ' 

6. Anomospermum ciiloranthum Diels. Additional specimen examined: 
Brazii.1 — acre TERRITORY: basiii of Rio Acre, Vie 9388 (PG — isotype). 

Telitoxicum Moldenke 

1. TeIjITOxicum Krukovii Moldenke. Additional specimen examined: 
Braziij — parA: basin of Rio Curua, LeCointe s.n. (H.A.M.P. 17301) (PG). 

The common name “cipo lingua” is recorded by LeCointe. The species 
has been known hitherto only from the type collection from the basin of Rio 
Madeira, State of Amazonas. 

3. Telitoxicum inopinatum Moldenke. Additional specimen examined: 
Brazil — parA: near Almeirim, Ducke s.n. (H.A.M.P. 17261) (PG). 

This is the first record of the species from Brazil. 

5. Telitoxicum Duckei (Diels) Moldenke. Additional specimen exam- 
ined: Brazil — parA: basin of Rio Mapuera, Ducke s.n. (H.A.M.P. 9012) 
(PG — isotype). 

6. Telitoxicum minutiflorum (Diels) Moldenke. Additional specimen 
examined: Brazil — amazonas: basin of Rio Negro, Froes 11998 (N). 

Abuta BarrSre 

2. Abuta obovata Diels. Additional specimen examined: Brazil — ^Ama- 
zonas : basin of Rio Negro, Froes 11997 (N) . 

This is the first record of the species from Brazil. 
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5. Abuta velutina Gleason. *Additional specimen examined: Brazil — 
AMAZONAS: basin of Rio Negro, Froes 12001 (N). 

This is the first record of the species from Brazil. It has been known 
hitherto only from the type collection from Venezuela. 

8. Abtjtaimene (Mart.) Eichl. Additional specimen examined: Brazil — 
parA: basin of Rio Jamunda, Ducke sm. {H.A.M.P. 11723) (PG). 

This is the first record of the species from the State of Para. 

9. Abuta colombiana Moldenke. Additional specimen examined: Bra- 
zil — AMAZONAS: basin of Rio T(,*a, Ducke s.n. {H.A.M.P, 7708) (PG). 

This specimen is placed here tentatively. Its inflorescences are pistillate 
and only staminate inflorescences have been seen hitherto of this species. 
Neither are pistillate inflorescences available of the obviously related A. 
(jrandifolia, so that comparisons cannot be made. The foliar characters of 
our specimen, however, match so perfectly those of A. colombiana and so 
poorly those of A. grandifolia^ that it seems most probable that it represents 
the first Brazilian collection of the former species. A brief description of the 
flowers is given herewith: pistillate flowers: sepals 6, the outer 3 small, 
lanceolate, about 0.7 mm. long and 0.3 mm. wide, attenuate from the base to 
the acute apex, minutely puberulent on the back, the inner 3 much larger, 
broadly ovate or subrotund, about 1.5 mm. long and wide, rounded to a very 
short subacute point at the apex, rounded or subcordate at base, densely 
short-puberulent on the back ; carpels 3, densely appressed-pubescent. 

11. Abuta QRANDiFOLiA (Mart.) ^aiuXvi:. Additional specimens examined: 
Venezuela — ^bolIvar: LI. Williams 11437 (Ven). Brazil — matto qro^so: 
Dep. Bot. Sdo Paulo 8185 (SP). acre territory : basin of Rio Acre, Vie 9386 
(PG), 9387 (PG). AMAZONAS: basin of Rio Purus, Huber s.n. {H.A.M.P. 
1414) (PG), s.n. {H.A.M.P. 4639) (PG) ; basin of Rio I(:a, Ducke s.n. 
{H.A.M.P. 7641), s.n. {H.A.M.P. 7689) (PG) ; basin of Rio Negro, Krukoff 
12104 (N) ; Froes 11999 (N). para: basin of Rio Tapajoz, Ducke s.n. 
{H.A.M.P. 15817) (PG) ; basin of Rio Janiauchim, Snethlage s.7i. 
{H.A.M.P. 10105) (PG) ; basin of Rio Ariramba, Ducke s.n. {H.A.M.P. 
11319) {PG),s.n. {H.A.M.P. 8056) (PG) ; Bragan^a, collector undesignated 
s.n. {H.A.M.P. 9808) (PG) ; Oriximina, Ducke s.7i. {H.A.M.P. 7868) (PG) ; 
Murutucu, Rodriguez s.n. {H.A.M.P. 2820) (PG) ; Almerim, Ducke s.n. 
{H.A.M.P. 3060) {FG),s.n. {H.A.M.P. 3454) (PG). 

13. Abuta Selloana Eichl. Additional specimens exa^nined: Brazil — 
SAO PAULO: Dep. Bot. Sdo Paulo 946 (N, SP), 12986 (SP), 12988 (N, SP), 
19627 (SP), 28429 (N. SP). matto grosso: Dep. Bot. Sdo Patdo 8184 (SP). 

This is the first record of the species from the State of Matto Grosso. The 
common name ‘‘quina brava^' is recorded for specimens from the State of 
Sao Paulo. 

14. Abuta rufescens Aubl. Additional .specimens exa/tnined: Brazil — 
AMAZONAS: basin of Rio Negro, Krukoff 12105 (N) ; Froes 12000 (N). 

The. above specimens are the first record of the species from the basin of 
Rio Negro. 

16. Abuta Grisebaciiii Triana & Planch. Additional specimen examined: 
Brazil — amazon as : basin of Rio Negro, Froes 12002 (N). 
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17. Abuta Candollei Triana & Planch. Additional specimen examined: 
Brazil — ^pabA: near Obidos, Ducke s.n. 2897) (P6). 

This specimen exhibits staminate flowers whose inner petals are con- 
siderably larger than in any previously examined and cited material. The 
inner petals here are broadly elliptic, about 2.4 mm. long and 1.7 mm. wide. 

19. Abuta brevifolia Krukoff & Moldenke, sp. nov. Frutex scandens: 
ramulis gracilibus glabris vel leviter cinereo-pulverulentis ; petiolis 7-15 
mm. longis, ad apicem valde incrassatis; laminis foliorum coriaceis ellipticis 

3.3- 7 cm. longis, 2.3-5 cm. latis, ad apicem acutis vel brevissime acuminatis 
vel obtusis, ad basin rotundatis vel subacutis, subrevolutis, supra subglabris 
nitidis, subtus obscure pulverulento-puberulis vel subglabris nitidis, 3-pli- 
nerviis; infructescentiis axillaribus vel supra-axillaribus racemiformibus 
foliosis geminatis leviter puberulis. 

Description: A woody vine; branchlets slender, glabrous or lightly 
cinereous-pulverulent; petioles 7-15 mm. long, conspicuously incrassate at 
apex, lightly puberulent; leaf -blades coriaceous, elliptic, 3.3-7 cm. long, 

2.3- 5 cm. wide, acute or very shortly acuminate at apex, varying to obtuse, 
entire and somewhat revolute along the margins, rounded or subacute at 
base, subglabrous and shiny above, obscurely pulverulent-puberulent or sub- 
glabrous and shiny beneath, 3-plinerved; midrib and primary veins very 
slightly subimpressed above, sharply prominent beneath, the primaries issu- 
ing a few mm. above the base of the blade ; secondaries numerous, issuing 
rather irregularly at right angles to the primaries, subparallel to each 
other, prominulous above, more sharply so beneath; veinlet reticulation 
rather abundant, obscure above, rather distinct under a hand-lens beneath ; 
inflorescence not seen ; inf ructescence axillary or supra-axillary, racemif orm, 
leafy, borne in pairs, far surpassing the subtending leaves; fruiting pe- 
duncles rather slender, 3.5-4 cm. long, lightly puberulent ; rachis similar to 
the peduncles in all respects, 11-12 cm. long, bearing several rather distant 
leaves and fruits; fruiting pedicels slender, 6-10 mm. long, appressed- 
puberulent ; torus greatly expanded and club-shaped in fruit, 3-3.5 mm. in 
diameter; fruit oblong, asymmetric, sublaterally attached, about 2 cm. long 
and 1.3 cm. wide, the exocarp lightly pulverulent and venose, the mesocarp 
rather thick, very hard and bony, the endocarp thin, stramineous and shiny. 

The type specimen has its branchlets, petioles, and infructescences more 
or less densely covered with a cinereous and closely appressed growth of a 
species of mold, imparting to the plant a very conspicuous but deceptive 
ashy-gray appearance. The collection was cited by Diels (4: 197) in 
remarks under A, guyanensis Bichl. [= A. grandifolia (Mart.) Sandw.]. 

Specimen examined: Brazil — ^parA: basin of Rio Mapuera, Ducke sm. 
(ff.A.ilf.P. 8976) (PG — type). 

Elissarrhena Miers 

1. Elissarrhena grandifolia (Eichl.) Diels. Additional specimens ex- 
amined: Brazil — ^acre territory : basin of Rio Jurua, Tile 5526 (type coll, of 
Anomospermnm Ulei) (PG) ; basiii of Rio Purus, Ule 9389 (PG). 

The New York Botanical Garden 
New York 
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INTERMITTENT GROWTH OF FRUITS OF PHALAENOPSIS. 
A CORRELATION OF THE GROWTH PHASES OF AN 
ORCHID FRUIT WITH INTERNAL DEVELOPMENT 


Robert E. Duncan and John T. Curtis^ 


It has been reeogjuized tliat the orchid ovary is not mature at the time of 
pollination since. the work of Brogniart (1831) and confirmation of his find- 
ings by a number of mid-nineteenth century botanists. Hildebrand (1863), 
Treub (1883), and Guignard (1886) determined the periods of time which 
elapse between pollination, maturation of the macrogametophytes, fertiliza- 
tion, and appearance of the embryos, respectively, for a considerable num- 
ber of species. Veitch (1888) extended this type of observation to Cattleya 
labia fa var. mossiae. In general, the periods of time between the phases of 
the reproductive process vary greatly from genus to genus and from species 
to species within the same genus. For example, Hildebrand (1863) found 
that 110 days after i)ollination the ovaries of Dendrohium nohile contained 
ovules possessing immature macrogametophytes and both integuments, and 
that 130 days after pollination embryos were developing. In Orchis mascula 
the respective periods were 19 and 28 days; in 0. pyramidalis 7 and 10 days. 

BroAvn (1833) commented that the first pollen effect is the enlargement 
of the ovary and ovules. Criiger (1851) observed that pollination had a 
dynamic effect on fruit development in Vanda in that ovules are only formed 
after pollination. This effect, he believed, took place before the entrance of 
the pollen tubes into the ovary cavity, in contrast to the effect brought about 
by the material contribution of the pollen tubes at the time of fertilization. 
Hildebrand (1863) clearly recognized the ‘‘double effect’^ of pollination 
which he said was, first, the increase in size of the ovary and the matura- 
tion of the ovules, and second, fertilization. He recognized that unpollinated 
flowers fell off the plant, even though the ovules in some cases grew to a 
limited extent. Hildebrand (1865) found that in many cases foreign pollen 
induced fruit-set. He considered that a green enlarging ovary was of pri- 
mary importance to the development of the ovules. 

The work of Pitting (1909) and Laibach and Maschmann (1933) demon- 
strated by the behavior of the columji that the pollinia contain a growth- 
regulatory substalice. In general they studied an immediate pollination 
reaction characterized by the growth of the edges of the stigmatic cavity in 


1 Part of the cost of illustrations for this paper was borne by the Lucien M. Under- 
wood Memorial Fund. 


167 

[The Bulletin for February (69; 75-166) was issued February 2, 1942] 



168 


BULLETIN OP THE TORREY CLUB 


[VOL. 69 


such a fashion as to enclose the pollinia.^ Guij^nard (1886) sugf?ested that 
the enlarg:ement of the ovary accompanied the growth of the pollen tubes 
to the base of the ovary. 

That pollination is necessary for fruit-set and in some indirect manner 
for ovule development is clearly demonstrated by Hurst's (1898) report of 
matroclinous progeny resulting from attempted crosses between Zygopeta- 
htm mackayi and various species of Odontoglossum, Oncidium^ and Lycaste, 
respectively. Suessenguth (1923) has shown that embryos formed in such 
crosses are of apomictic origin. They are not formed, however, unless polli- 
nation takes place. 

Phalaenopsis, the moth orchid, a Malasian member of the SarcanthinaCy 
grows as an epiphyte in the rain forests. Like other orchids the fruit is a 
three-valved capsule containing innumerable minute seeds. In the United 
States and Europe it is frequently used as a source of cut flowers, for under 
good growing conditions a plant with 10-12 basal leaves may produce a 
laterally branched inflorescence with as many as 170 flowers. The genus has 
seldom been used as a subject of cytological, morphological, or physiological 
research. Palm (1920) reported that cytokinesis is simultaneous after mei- 
osis ill pollen mother cells. Treub (1879) recorded the presence of haus- 
torium-Iike suspeiisors in the embryos of Phalaenopsis grandiflora, P, schil- 
lerianay and P. spectabile. In a series of papers beginning with that of Pitt- 
ing (1909) and culminating with that of Laibach and Maschmanii (1933) 
Phalaenopsis was one of the orchids in whose pollinia a growth regulatory 
substance was demonstrated and studied. 

Burgeff (1934), using seeds of 11 species and hybrids of Phalaenopsisy 
reported that the great majority of them gave germination percentages of 
less than 10 per cent wdien grown on ‘‘vitamin-free" media, while the addi- 
tion of an unidentifled vitamin or growth substance isolated from yeast and 
certain soil fungi increased the germination to 90 or 100 per cent. On the 
other hand seeds of Phalaenopsis sanderiana and P. equrstris germinated 
100 per cent without an external source of growth substance. 

METHODS AND MATERIALS 

The various individual studies reported herein were made in winter and 

2 Our attention has been called to a recent paper on the effects of synthetic growth- 
regulatory compound on the column in bringing about several postfloral phenomena 
(Hubert, B., Sl Maton, J. 1939. The influence of synthetic growth controlling substances 
and other chemicals on postfloral phenomena in tropical orchids. Biol. Jaarb. 6: 244-285). 
The same authors produced parthenocarpic fruits in a Cymhidivm hybrid and in Oncidium 
longipes by the application of pure crystals of nnphthaleneacetic acid on the stigmas 
(Parthenocarpic en groeistof. Natuurwetenschap. Tijdschr. 21; 339-348. 1940). These 
fruits reached a considerable size. Unfortunately we have never seen the original papers 
and have (mly the information derived from abstracts. 
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early spring of subsequent years in the botany greenhouses of the Univer- 
sity of Wisconsin and the conservatory of Dr. C. K. Schubert, both in Madi- 
son, Wisconsin, and in the greenhouses of the Morris Arboretum and the 
Botany Department of the University of Pennsylvania, both in Philadelphia. 

In these studies plants of Phalaenopsis pamalay P. fontainehleau, P. 
aphrodite, and P. schilleriana were used. Of these the latter two are natu- 
rally occurring forms; P. fontainehleau is a hybrid between P. wiganiae (a 
primary hybrid between the species P. schilleriana and P. stuariiana) and 
P. schilleriana. Phalaenopsis pamala is a hybrid between P. fontainehleau 
and P. elizabethiae (a primary hybrid between the species P. amahilis and 
P. rimstadtiana) . 

In any one study the amount of pollen applied to an individual stig- 
matic surface was macroscopically similar. It consisted of one or two pol- 
linia, the latter being the probable number in natural pollination since each 
])air of pollinia derived from an anther is connected to an adhesive disc. 
The pollinations were self, close, or reciprocal. Flow^ers of approximately 
the same age, on various branches of the same inflorescence, were pollinated 
or used as pollen source in close pollinations. In reciprocal pollination the 
particular pollinium or pair of pollinia applied to any one flower was se- 
lected at random from the lot of pollinia derived from the flowers to be pol- 
linated on the other plant. Of the total number to be used for study an 
approximately equal number of flowers on each branch of an inflorescence 
was pollinated. 

The diameter of the developing fruit was measured to 0.1 mm. with ver- 
nier calipers; the length with vernier calipers or a flexible millimeter rule. 
These measurements were made possible, although the ovary is inferior, by 
the fact that immediately below the level of sepal insertion the fused struc- 
ture, representing ovary and receptacle, is lined with six grooves which 
terminate uniformly in the flower and early stages of ovary maturation. 
Freehand sections show that the base of the ovary cavity is closely associ- 
ated with the groove ends. As the development of the ovary proceeds the 
groove lengths of an individual ovary may vary slightly from the bottom to 
the top sides, the top grooves generally being shorter. This difficulty was 
met in different studies either by taking an average of the length of top and 
bottom grooves at each measurement, beginning at the time when the dis- 
crepancy appeared, or by disregarding all but one groove which then be- 
came the index of ovary growth in length. In occasional flowers the associa- 
tion of groove ends with the termination of the ovary swelling is varied by 
the grooves stopping slightly short of the swelling or passing beyond it 
down the pedicel. These variations may be noted on different ovaries of the 
same plant. Such phenomena were disregarded and the groove measure- 
ments were used. Since the ovary tapers from the level of perianth insertion 
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to the pedicel during the earlier stages of development, a slight distance 
above or below the approximate middle will give larger or smaller diameters 
respectively. Small cuticular scars, where the last measurement was made, 
gave reasonable certainty that the diameter measurements were taken at the 
same level. In later studies, ovaries were marked with India ink at the ap- 
proximate center and at both proximal and distal ends. In this way mea- 
surements at the same level were assured each time. 

In preliminary studies a number of flowers were pollinated and, at set 
periods of time, one of the ovaries was measured. The ovary concerned was 
removed, weighed, and fixed in Randolph's modification of Nawaschin^s 
fixing solution for use in determining the state of ovule development and 
the fruit wall changes. Entering the measurements obtained from subse- 
quent fruits and joining the points of length and of diameter respectively 
resulted in two growth curves. Such curves are open to criticism on the ])er- 
missibility of connecting points so derived. Such a study, however, was 
necessary to locate the various internal changes with respect to growth 
phases. 

In a second series of studies a number of flowers on a single plant were 
pollinated. The group was sampled by removing at random a fruit for de- 
termination of the state of internal development and for weighing. The 
points of the growth curves for length and diameter were (Jetermined by the 
average of a smaller and smaller number of developing ovaries as the study 
progressed. A growth curve erected on such data can be criticized bn the 
basis that the larger share of food, available to the remaining young fruits 
after removal of one, might falsify the slope of the curve immediately fol- 
lowing the removal. 

In a third series of studies all the fruits were allowed to develop to ma- 
turity. While these studies did not disclose fruit wall or ovular changes 
they provide a series of continuous measurements of individual fruits free 
from the effect of shifting food supply except as may occur naturally. (The 
illustrations present graphically the development of representative fruits 
from this series of studies.) 

After the fruits had ripened, examinations were made to determine the 
percentage of seeds containing fully formed embryos. The seeds were usu- 
ally sharply divided into two groups: those containing apparently normal 
embryos and those consisting only of empty seed coats. As a further test, 
samples of seeds from each of the pods were sown on a medium previously 
found suitable for the germination of a variety of orchid seeds (Curtis 
1936), modified by addition of the necessary complement of vitamins. These 
cultures were maintained under constant environmental conditions (tem- 
perature, 30° C. ; relative humidity, 80 per cent; light, 20 hours per day at 
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150 f. e.). Germination is reported in the legend of the graphs as percentage 
of seeds which originally contained embryos, disregarding those which were 
empty. 

RESULTS 

Within 24 hours after pollination the petals and sepals are noticeably 
wilted ; within 48 hours the turgidity is lowered to the extent that the vena- 
tion of petals and sepals is distinct. At the close of this period the petals 
have folded forward over the column and the upper sepal has bent forward 
from its former reflexed position. These perianth changes are concomitant 
with growth of the column in width and thickness and with growth of the 
edges of the stigma over the cavity in which the pollinia become imprisoned. 
The columnar growth continues for 9 or 10 days, the major part taking 
pla(*e during the first few days. The column remains swollen during much 
of the early period of fruit maturation ; later it dries down considerably. 

The first response of the ovary to pollination is a slight increase in its 
curvature immediately beloAv the insertion of the perianth. This curvature 
is soon lost in the general growth of ovary in length and diameter. The ac- 
(^ompanying graphs (figs. 1, 2, 3) illustrate the extent and general rate of 
growth and the facd, that the curves for growth in both diameter and length 
are not simple sigmoid ones. Comparison of the growth curves of Phalaenop- 
sis fontainehleau (fig. 1), P. schilleriam (fig. 2), and P. pamala (fig. 3) 
shows the same general configuration to be present although there are minor 
differences in the total extent and the time and duration of the maximum 
rate of growth. Figure 4 shows the relationship which the increase in fresh 
weight of the ovary of P. fonfainehlpau bears to the increase in calculated 
volume of the ovary. 

Cross sections of the ovary of the unpollinated flower show the wall, 
slightly triangular in outline, to be made up of six lobes each with a vas- 
cular supply. Three lobes occupy the corners of the triangle. The three 
lying between each pair of these bear the placentae, long ridges inserted 
opposite the vascular supply throughout the length of the ovary. In cross 
section the placentae appear somewhat anchor-shaped and closely fit 
together, leaving little space in the central part of the ovary. 

Within two days after pollination nuclear and cell divisions can be found 
in cells of the inner faces of the three sterile lobes and in the cells consti- 
tuting the margin of the placentae. The cell divisions in the placentae have 
no particular orientation, the result being a general increase in the shoul- 
ders. This building up of the flanges or shoulders leads to an inversion of 
the placental shape from a ridge with reflexed margins to a troughed struc- 
ture with flanges jutting above the attached median portion. The fact that 
the two flanges may reach a greater length than the attached portion eventu- 
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ally leads to undulations of the flanges. The flanges are not necessarily con- 
tinuous along the length of the placentae but may consist of a number of 
flat plate-like structures. 

Nuclear and cell divisions in the cells of the ovary wall layers toward 
the cavity are mainly periclinal, although a few take place along the longi- 
tudinal axis of the ovary. The periclinal division and subsequent periclinal 
growth of the three or four inner cell rows and the enlargement of the outer 
cell layers allow an increase in the ovary cavity. While it seems probable 
that there would be a number of nuclear and cell divisions taking place 
along the longitudinal axis to provide for growth in length of the ovary, 
aside from the divisions just mentioned and another series involving the 
e})idermal and hypodermal cell layers about 2 or 3 weeks after pollination, 
no other areas in which cell divisions were taking place have been noted. 
The cells making up the ovary wall of the unpollinated flower are only 
slightly elongated, the ('ells of the inner cell layers being less elongated than 
those of the outer. The growth and maturation of cells already present in 
the ovary wall layers account for the growth in length of the ovary and to a 
limited extent for the growth in diameter. 

The pollen germinates within the first four days after being placed on 
the stigma. The tubes grow down the canal of the column until they reach 
the ovary cavity, where the single group of tubes divides into three strands, 
one passing to each of the three placentae. Upon reaching the placenta a 
strand of pollen tubes divides again ; each half passes down one side of the 
placenta. Fourteen days after pollination the longest pollen tubes have 
reached the base of the ovary cavity, but the majority are still growing in 
the upper part of the ovary. Two nuclei are present near the tip of the 
pollen tube. While the pollen tubes are growing down along the placentae, 
rows of blunt-tipped glistening hairs arise from the inner ridge of the three 
sterile lobes of the ovary. These hairs increase in length and persist until 
the fruit is mature. Occasionally in certain crosses the pollen does not ger- 
minate or, if it does, the pollen tubes do not penetrate to the ovary cavity. 


Explanation of figures 1-8 

Pigs. 1-3. Growth curves of individual fruits of Phalaenopsift. Pig. 1. P, fontaine- 
hleau at the Morris Arboretum. Pig. 2. P. schilleriana at Dr. C. K. Schubert’s conserva- 
tory. Pig. 3. P. pamala at tlie University of Wisconsin. Pig. 4. Curves presenting the 
increase in calculated volume and fresh weight, respectively, of fruits of P. fontainehleau 
at the Morris Arboretum. Pigs. 5-8. Curves presenting the weekly growth increments of 
individual fruits of Phalaenopsis. PiG. 5. P, pamala at the University of Wisconsin. 
(91.0 per cent seeds possessing embryos; 92.6 per cent germination.) PiG. 6. P. schilleri- 
ana at Dr. C. K. Schubert’s conservatory. (93.8 per cent possessing embryos; 95.1 per cent 
germination.) Pig. 7. P. fontainehleau at the Morris Arboretum. (88.5 per cent seeds 
possessing embryos.) PiG. 8. P. fontainehleau at Dr. C. K. Schubert’s conservatory. 
(98.0 per cent seeds possessing embryos; 96.2 per cent germination.) 
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In Phalaenopsis parnala at the botany greenhouses of the University of 
Wisconsin the placentae proliferate for 3 or 4 weeks ; in P. schilleriana at 
the Morris Arboretum this period lasts over 6 weeks. The final branches in 
either case are small mound-like structures which differentiate during the 
ensuing 10 to 14 days into an axial row of cells surrounded by a sheath of 
cells one row thick. The inner integument appears as a collar-like growth at 
this time and is shortly followed by the initiation of the outer integument. 
As this latter structure develops the ovule becomes anatropous, the funiculus 
being fused to one side of the outer integument. By the time the integu- 
ments have reached the apex of the nueellus, the terminal cell of the axial 
row has enlarged to become the macrospore mother cell. In P. pamala ovules 
in this stage of development are present about 5 weeks after iiolliiiation or 
3 weeks after their initiation; in P. schilleriana at the Morris Arboretum 
the periods are 12 and 6 weeks respectively. 

During the course of development of the macrogamet()])hyte the upper 
part of the ovule elongates and the outer integument grows on beyond the 
inner so that there is some space between the micropyles of the two integu- 
ments. Fertilization takes place in P. pamala during the ninth and tenth 
weeks. Since the ovules are not all in exactly the same stage this period is 
not sharply defined. With ovules containing two and three-celled embryos 
may be found a few ovules, at the placental extremities, which are still in 
the macrospore mother cell stages. Capsules of the P. schilleriana series at 
the Morris Arboretum opened in the fifteenth week without any viable 
seeds. Two weeks earlier the ovules had become anatropous, the two integu- 
ments just growing over the apex of the nueellus. 

Shortly after fertilization the pollen tubes disappear. The ovule as a 
whole elongates markedly. The embryo grows for a period of several weeks 
and comes to displace all the tissues of the ovule except the outer integu- 
ment which becomes the sole layer of the seed coat. The embryo of the 
mature seed fills only a portion of the cavity within the seed coat. Sus- 
pensors in P. pamala were not observed to grow out through the mieropyle 
into the placenta. The funiculus has no vascular supply. 

At the close of the period of fruit maturation the changes are slow. The 
grooves become deeper ; the dark green color fades to gray green ; lenticels 
become evident; and there is a decided increase in the amount of cutin. 
About six months after pollination the fruits of P. pamala become slightly 
softer and yellowish. 

Study of ovary wall changes shows that, while there is a period of accel- 
erated growth followed by a period of slower growth for both placental 
depth and wall thickness, the two structures come to occupy a smaller per- 
centage of the diameter of the entire fruit. The ovary cavity increased rap- 
idly during three periods of ovary development. This increase in ovary 
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cavity is illustrated by fij^ure 4 which shows a diver^^ence between the 
weif?ht and volume of the fruit, this divergence becoming particularly 
noticeable after the eighth week. Phalaenopsis pamala, P. schilleriana, and 
P. fontainelleau all in the conservatory of Dr. Schubert, and P. fontaine- 
bleatc in the botany greenhouses of the University of Pennsylvania each had 
approximately the same periodicity of growth as P. pamala in the Wiscon- 
sin botany greenhouses. 

Table 1 summarizes the morphological changes and presents a general 
schedule of fruit development. 


TABLE 1 

Schedule of events in fruit development 


Period of time after 
pollination 


Morphological and physiological changes 


2 

days 

4 

days 

10 

days 

25 

days 

35-40 

days 

55-60 

days 

6,3-70 

days 

180-190 days 


Perianth wilted; edges of stigmatic cavity enclose pollinia; 
nuclear and cell divisions in cells of inner parietal layers of 
ovary wall and beginning of such divisions in placentae. 

Pollen germinates. 

Columnar growth about finished. 

Placental proliferation decelerating. 

Differentiation of ovules. 

Maturation of macrogametophytes. 

Fertilization; degeneration of pollen tubes. 

Fruit matures. 


DISCUSSION 

Inspection of growth curves for both length and diameter shows that 
each is made up of several sigmoid parts. Plotting weekly increments of 
growth against time results in a graph which clearly portrays three phases 
of growth in diameter and one, sometimes two, in length (figs. 5, 6, 7, 8). 
The increment of growth for each week is plotted in terms of percentage of 
the final size reached by that particular fruit. In this way, all graphs are on 
the same scale and are directly comparable with one another. The plotted 
increment points are connected by lines for ease in inspection. In Phalaenop- 
sis pamala (fig. 5) the first and larger phase of growth in length falls be- 
tween the maxima of the first two growth phases in diameter at about the 
time of the minimum rate between the two. In P. schilleriana (fig. 6) the 
first phase of growth in length is bimodal except under unusual conditions, 
possessing two maxima of approximately ecjual magnitude. The first of the 
two maxima has about the same relationship to growth in diameter as does 
the peak rate of the first phase of growth in length in P. pamala. In P. 
pamala (fig. 5) after growth in length has reached its maximum rate and is 
becoming slower there is a period during the sixth and seventh week of de- 
velopment when the rate of deceleration is halted. This corresponds roughly 
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to the second maximum in the first phase of growth in length in P. schilleri- 
ana (fig. 6). In both forms this main growth phase lasts about 10 weeks. 

In all the forms studied there are at least three periods of accelerated 
growth in diameter (figs. 5, 6, 7, 8). When there is a second phase of elonga- 
tion it is of comparatively small magnitude and is loosely associated with 
the last phase of accelerated growth in diameter. The fact that data from 
cross pollination between different plants of the same hybrid (fig. 5), be- 
tween different hybrids, and between hybrids and species (figs. 6, 7), as well 
as self and close pollinations of hybrids or species, all yielded growth curves 
of the same fundamental type emphasizes that this type of growth is the 
rule, at least in this section of the genus Phalaenopm, and that there must 
be common morphological and physiological behaviors. The possibility that 
the type of growth found is a response to chance environmental factors is 
ruled out by this common behavior and by the fact that studies of all forms 
except P, aphrodite were made under several greenhouse conditions in the 
same or different years and started at various times of the year. For ex- 
ample, nine studies were made with P. pamala over a period of four years 
in two different greenhouses and with pollination dates varying from Octo- 
ber to March, yet all growth curves are essentially alike. (This does not 
imply that environment will not affect the magnitude or the rate of the 
phases of ovary development ; a comparison of figures 7 and 8 does not bear 
out such a conclusion.) The duration of any one experiment (the time re- 
quired for fruit ripening) was approximately six months. The high per- 
centage of seeds set and of seeds which germinated demonstrate that the 
fruits studied were not abnormal. 

In Phalaenopsis, as has been pointed out, the first noticeable changes 
after pollination are wilting of the perianth segments, enclosing of the pol- 
linia by the stigma, an increase of the curvature of the ovary, and length- 
ening and swelling of the ovary. Within two days the cells forming the 
ovary wall layers next the central cavity are dividing. This is long before 
the pollen tubes enter the ovary ; actually these changes take place whether 
or not the pollen germinates. In case the pollen fails to germinate or the 
pollen tubes fail to enter the ovary cavity, the ovary drops off the inflores- 
cence during the ensuing two weeks by means of an abscission layer at the 
base of the pedicel. Thus the presence of the pollinia on the stigma is suffi- 
cient to produce the first three effects and to initiate ovary growth. All these 
changes are probably in response to growth-regulatory substances present 
in the pollinia. The perianth and^ column changes were the particular object 
of study by Fitting and his co workers. The wilting of the perianth takes 
place at the time of the initiation of column and ovary growth when there 
is a decided modification of water relations. The initial dose of growth- 
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re8:ulatory substance derived from the pollinia is insufficient, however, to 
prevent fruit drop unless there is some further development. 

This further development is undoubtedly the entrance of pollen tubes 
into the ovary. The increment curves of many individual ovaries show an 
initial lag in growth in length ; at the conclusion of this lag there is a sharp 
increase in rate. It is at this time that the pollen tubes enter the ovary 
cavity. Pollen tube growth approximately keeps pace with length growth of 
the ovary. The pollen tubes in the ovary may function by secreting growth- 
regulatory compounds, by providing a tactile stimulus, or by exerting a 
mechanical force by reason of their hydrophilous nature. 

The second period of elongation falls at a time when the embryos are 
growing. Its significance is little understood ; certainly when present it would 
function in stretching the placenta, thus somewhat separating the seeds. 
It could be caused by growth-regulatory substances produced within the 
embryo. These substances may pass through the suspensor which, however, 
has not been observed to grow int(V the placenta in the forms studied. The 
funiculus is not vascularized but is the alternative route of translocation. 
A mechanical response to the collective size increase of the embryos is another 
possible cause. 

As previously pointed out groAvth in diameter takes place in at least 
three well defined phases. Within two days after pollination a series of 
nuclear and cell divisions occurs within the inner wall layers of the ovary 
cavity. These divisions are mainly periclinal, few longitudinal. Except for 
another series of divisions occurring within the epidermal and hypodermal 
layers and scattered divisions in the regions adjoining the vascular bundles, 
all taking place several weeks later, there is no increase in the number of cells 
making up the fruit coat. The enlargement of cells already present must 
cause the major part of the increase in fruit wall thickness. 

A study of changes in the fruit wall shows that this increase takes place 
early and can only partially explain the initial phase of growth in diameter. 
The increase in the diameter of the ovary cavity, however, has at least three 
growth phases exactly corresponding to the gross diameter changes. Since 
the growth of the cells of the inner layers of the ovary is periclinal, the sub- 
stances in the pollinia and produced by the pollen tubes, or produced by the 
pollen tubes alone, probably regulate this growth during the first phase of 
increase in length and diameter respectively. (The dependence of diameter 
increase upon pollen tubes is borne out by zonal growth of the ovary, the 
swelling advancing as the strands of pollen tubes grow downward.) 

During the first phase of diameter growth placental proliferation eventu- 
ally leads to the initiation of ovule rudiments. While the rate of diameter 
growth is decelerating, increasing numbers of these rudiments are found. 
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At the same time the hairs which serve later as elaters develop from the in- 
nermost cell layers of the sterile lobes. Although there is no sharp break from 
one morphological stage in the reproductive cycle to the next, macrospo- 
rogenesis is taking place in the greatest number of ovules while the diameter 
growth is at or near a minimum rate. The close of the first phase of growth 
in diameter may rest with disturbed food relations or other (changes occa- 
sioned by the heavier demands of the macrospore mother cells undergoing 
reduction division at that time. During the ensuing phase of growth in di- 
ameter the macrogametophytes develop ; at the close of this development the 
ovules elongate slightly before fertilization. Fertilization takes place during 
a second period of minimum rate of grow’th in diameter. During the next 
few^ weeks the ovules increase in both dimensions while the embryos are 
growing ; at this time the ovary undergoes the third phase of diameter in- 
crease. The pollen tubes disintegrate and disappear shortly after fertiliza- 
tion. It appears probable that the material derived from the pollen tubes 
functions either as a stimulus or as an actual energy source for the third 
increase in diameter of the ovary. The latter interpretation is supported by 
the known high content of pentosan-like hydrophilic colloids in the acdive 
microgametophyte. 

It is noteworthy that each of the steps in internal development — (1) 
placental proliferation and ovule initiation, (2) maturation of the ovule in 
preparation for fertilization, and (3) seed development (embryo growth) — 
which demand more space are provided for by, three cycles of diameter 
growth. At the time of macrosporogenesis and at the time of fertilization the 
rate of diameter growth is slow followed by an increased rate. 

At the time of fertilization a group of sterility factors makes its appear- 
ance. If for genetical or cytological reasons macrosporogenesis fails, no 
macrogametes can be formed and fertilization cannot take place, even 
though the ovules elongate and there is a second phase of growth in diameter. 
A similar result would be obtained if the pollen tubes failed to reach the 
ovules (which is most common), if the act of fertilization itself failed, or if 
the zygotes or young embryos degenerated. (The failure of the Phalaenopsis 
schilleriana series at the Morris Arboretum was caused by some one of this 
group of factors.) No further growth occurs if fertilization does not take 
place ; it follows that the third phase of diameter growth is a response to the 
fertilization stimulus. It seems that if fertilization took place and embryos 
developed to the two- or three-celled state before a degeneration set in that 
a third growth phase would follow. We have no data on this point. 

Since the Phalaenopsis fruit approaches a cylinder in shape, computing 
the volume from length and diameter measurements is feasible. Any error 
involved, such as the slight tapering of the ovary base, would be more or less 
uniform. A growth curve erected (volume vs. time) very nearly approaches 
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— up to the time of embryo development — the logarithmic growth curve. A 
curve (fig. 4) representing increase in fresh weight follows the volume 
increase more closely throughout than it does curves representing either 
growth in length or diameter. The specific gravity decreases as the fruit 
matures, in consequence of the increased amount of air space within it, the 
decrease becoming most noticeable as the macrogametophytes mature. 

The interpretation as presented is an elaboration and refinement of the 
ideas expressed by Criiger (1851) when he pointed out the ‘‘dynamic’^ effect 
of pollination in addition to the necessity of pollination prior to fertiliza- 
tion, and by Hildebrand (1863) when he demonstrated the ^ twofold effect 
of pollination. While Brown (1831), Criiger, Hildebrand, and Guignard 
(1886) all commented on this dynamic effect of pollination, which is so obvi- 
ous in the orchids since it precedes fertilization by a long period of time, and 
while the latter two knew that the ovary was not ready for fertilization at 
the time of pollination, they made no correlations between internal develop- 
ment and the various growth phases. Table 2, presenting the sequence of 

TABLE 2 

Summary of fruit changes and their possible causes 


Cause 


Kesult 


Comment 


1. Pollination effect. 


2. Effect of entrance 
of pollen tubes into 
ovary. 


3. (Cause not clear) 


4. Fertilization effect. 


1. Perianth wilting. 

2. Increase in ovary curva- 
ture. 

3. Initiation of nuclear 
and cell divisions in 
inner parietal layers of 
ovary. 

4. Initiation of growth in 
both length and diame- 
ter. 

1 . Prevention of fruit drop. 


2. Grand phases of growth 
in both length and di- 
ameter. 

1. A second phase of 
growth in diameter. 


1. A third phase of diame- 
ter growth and at times 
a second in length. 


The growth initiated is closely 
associated with following phases. 
Can only be dissociated in incom- 
patible crosses. Its effect can be 
duplicated by the application of 
growth regulatory substances to 
the stigma. 


Fruit set placed here because 
flowers in incompatible crosses, 
even though pollen germinates, 
fall off the inflorescence sooner 
than unpollinatcd flowers of same 
age. 

At time of i)lacental prolifera- 
tion. Culminates in initiation of 
ovule rudiments with respect to 
diameter growth. 

At time of macrogametophyte 
maturation. Cannot be dissociated 
experimentally from preceding 
growth phase in diameter. Cause 
may lie in ovary itself. 

Not present if fertilization 
fails. A group of sterility fac- 
tors separates this from preced- 
ing growth phases. Seed develop- 
ment at this time. • 
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growth in relation to causality and to morphological changes, is self-ex- 
planatory. 

Figure 9, a generalized curve of the increments of growth in diameter, 
shows a possible analysis into three component curves. Another component, 
the growth caused by the presence of pollen alone, which would occur at the 
beginning, is not separated from the first phase of growth because there is no 
method of judging from incompatible crosses the total extent of this effect. 
The general appearance of each segment is that of a normal distribution 
curve and may be so considered for the rate of the process concerned (ovule 
rudiment formation, macrogametophyte maturation, or embryo develop- 



Fig. 9. Generalized curve based on weekly increments of growth in diameter of fruits 
of Phalaenopsis, 


ment) with the exception that the first is incorrect in time of initiation 
since the pollen effect is not segregated from it. 

The results, now being prepared for publication, of similar investigationr 
on numerous tropical orchids show highly comparable sequences of events 
It is not thought, however, that all, or perhaps any, temperate orchids will d( 
likewise. In such forms as Orchis (Hildebrand 1863) the ovary is farther 
advanced at time of pollination in that ovule rudiments are present. The 
recognition of similar growth cycles in the four genera of the Cypripedilineae 
may be more difficult in that bvule rudiments are present and in that the 
fairly large ovary cavity, present at time of pollination, allows space for 
considerable internal development without external manifestations. 
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Examination of data feathered by other workers on fruit development in 
forms not members of the Orchidaceae almost universally shows a break in 
the growth curve. Such breaks have been interpreted in three ways. First, 
they have been ignored and an exponential growth curve has been erected ; 
second, they have been interpreted as an indication that at such a time 
individual parts of the ovary were growing at slightly different rates; third, 
they have been considered to indicate a fundamental physiological change. 
The present study goes beyond the last view in suggesting that there is a 
close correlation in the orchids between the growth rate as measured 
externally and the internal state of development. 

Lilleland (1931) found a retarded period separating two periods of rapid 
growth in diameter of the pericarp of the apricot. This is considered charac- 
teristic of drupaceous fruits. Since pomes lack this retarded period, its cause 
has been ascribed to competition for food substances by the fleshy and stony 
layers of the pericarp. Tukey’s (1933) graphs of the development of the 
cherry fruit show a deceleration of the rate of pericarp growth at the time 
endosperm and embryo are initiating their grand phase of development. 
However, it is highly improbable, because of the relative immaturity of the 
Phalaenopm ovary at the time of pollination, that any close comparison can 
be drawn between fruit develo])ment in other Angiosperms in which it is well 
known and Phalaenopsis. Even in such genera as Alntis (Wolpert 1910), in, 
which a period of three or four weeks elapses between pollination and fertili- 
zation, ovules, although not ready for fertilization, are present in some stage 
of development at the time of pollination. Furthermore the embyo sac reaches 
maturity even though the flower remains unpollinated. In general Phalacnop- 
sis and other Angiosperms have pollination and fertilization effects in com- 
mon, but the growth phases in Phalaenopsis lying between pollination and 
fertilization and having to do with placental proliferation, ovule initiation, 
and ovule maturation would probably come prior to the growth phase 
initiated by pollination in the ordinary Angiosperm. To state the assumption 
in another way: a pollination effect followed immediately by and perhaps 
indistinguishably united with a fertilization effect w^ould be found in those 
Angiosperms which possess mature or nearly mature ovules at the time of 
pollination. 

Strictly comparable studies on the growth phases of the ovaries of other 
Angiosperms are lacking. Likewise it remains to be seen how universal is this 
type of ovary development in the orchids. The appearance of mature ovules 
in Phalaenopsis long after pollination offers novel opportunities for experi- 
mental manipulations (including injection with various substances) at 
various critical points of its development as can be determined from the 
conflguration of the growth curve. 
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SUMMARY 

The ovary of Phalqenopsis has intermittent development. 

The presence of the pollinia on the stigma brings about: (1) wilting of 
the perinath; (2) an initiation of column growth so that the pollinia are 
enclosed by the edges of the stigmatic cavity; (3) a change in the curvature 
of the ovary; (4) the initiation of nuclear and cell division in the cells in the 
inner layer of the ovary wall and in the cells of the placentae; and (5) the 
initiation of growth in both length and diameter. 

Fruit set is determined by the entrance of the pollen tubes into the ovary 
cavity. At the same time added impetus is given to growth in length and 
diameter. 

Ovary development is marked by three well defined phases of growth in 
diameter and two in length. The phases of growth in diameter coincide with 
morphological changes within the ovary, namely: (1) placental proliferation 
and ovule initiation, (2) preparation of the ovule for fertilization, and (3) 
embryo growth. The first of the phases of length growth closes at the time 
of fertilization; the second takes place at the time seeds are maturing. 
Critical points such as macrosporogeiiesis and fertilization take ])lace while 
growth in diameter is near a minimum. 

Incompatibility factors are expressed at the close of pollination effects. 
A type of sterility resulting in premature ripening of the fruit and following 
failure in macrosporogeiiesis or of the pollen tubes to reach the ovules was 
likewise found. 

Department of Botany^ University of Wisconsin 
Madison, Wisconsin 
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VITAMIN DEFICIENCIES OF CERATOSTOMELLA 

William J. Robbins and Roberta Ma* 

It is now well established that the growth of many fungi is limited by 
their inability to make adequate quantities of one or more vitamins or 
vitamin-like growth substances. Besides being heterotrophic in relation to 
carbon these organisms exhibit various degrees of heterotrophy for growth 
suhstances. Such fungi do not grow or grow poorly in a solution of pure 
sugar, minerals, and asparagine, but they develop satisfactorily on the addi- 
tion to this medium of various substances of natural origin, or of one or more* 
chemically pure vitamins. Some of these fungi suffer from complete or major 
vitamin deficiencies,^ that is, they make no growth unless the needed vita- 
mins are supplied; others suffer from minor or partial deficiencies, that is, 
they grow slowly in the absence of the vitamin, but grow much more rapidly 
if some of the vitamin is present in the medium. Some fungi have a single 
(partial or complete) deficiency, but others may be afflicded with two or 
more. 

The genus Ceraioatomella is particularly interesting because it illustrates 
all of the generalities expressed above when the relation of some of its species 
to thiamine (vitamin Bi), pyridoxine (vitamin Ba), and biotin (vitamin H) 
is studied. ^ 

The genus Ceratostomella includes the causal organism of the Dutch elm 
disease, the cause of a serious disease of the London plane tree, and some 
fungi responsible for diseases of a variety of forest trees. Some species are 
known as the blue-stain fungi. 

Through the courtesy of Dr. Carl Hartley and Dr. Caroline T. Rumbold 
we received cultures of the following species or strains of CeratostorneUa. 

C. ips Rumbold No. 255 associated with Ips avulsus in Pmns echinata 
and collected near Asheville, North Carolina (6, 7). 

C. ips Rumbold No. 438 A associated with Ips integer in Pinus ponderosa 
and collected near Sisters, Oregon (6, 7). 

C. pini Munch No. 512 associated with Dendroctonus fontalis in Pinns 
echinata and collected near Heleyville, Alabama (6, 7). 

* The material contained in this paper was presented at the meetings of the National • 
Academy of Sciences on October 13, 1941, at Madison, Wisconsin. 

Publication of the tables was assisted by the Lucien M. Underwood Memorial Fund. 

1 Two classes of vitamin deficiencies should be distinguished. One is physiological, an 
inability of the organism to synthesize a particular vitamin from simple foods and 
nutrients, for example, from sugary minerals, and a source of nitrogen; the other is a 
vitamin deficiency in the food. Only those organisms which are physiologically deficient 
can suffer from a vitamin deficiency in the food. Schopfer has used the somewhat awkward 
term auxoheterotrophic to describe organisms physiologically deficient for one or more 
vitamins, and auxoautotrophic for those which are not deficient. It is the physiological 
deficiencies which chiefly concern us in this paper. 
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C. pint Munch No. 416 associated with Dendroctonus hreviconus in Pinus 
ponder osa and collected near Sisters, Oregon (6, 7). 

C, piceaperda Rumbold No. 240 associated with Dendroctonus piceaperda 
in Picea glauca and collected in Nova Scotia (7). 

C. pseudotsugae Rumbold No. 436 associated with Dendroctonus pseudot^ 
sugae in Douglas fir and collected near Metaline Falls, Washing- 
ton (7). 

C. montium Rumbold No. 424 associated with Dendroctonus monticolae 
in Pinus monticola and collected near Metaline Falls, Washington (8). 

Included in the study reported here were cultures of C. ulmi and of a 
Ceratostomella isolated from the London plane tree obtained through the 
kindness of Dr. James M. Walter, and a culture of C. fimhriata isolated from 
sweet potato and supplied by Dr. L. L. Harter. 

METHODS AND MATERIALS 

The organisms were grown in pure culture in 125 ml. Erlenmeyer flasks 
containing 25 ml. quantities of a basal solution, solution 1, composed per 
liter of 50 g. dextrose, 1.5 g. KH2PO4, 0.5 g. MgS04 * 7H2O, and 2 g. aspara- 
gine. To this solution the following trace elements in p.p.m. were added: 
0.005 B, 0.02 Cu, 0.1 Fe, 0.01 Ga, 0.01 Mn, 0.01 Mo, and 0.09 Zn. The dex- 
trose was Corn Products C.P. The asparagine was purified by treatment 
with Norit A and recrystallization from redistilled alcohol. All other chemi- 
cals were of chemically pure grade. 

Merck’s synthetic thiamine and pyridoxine were used ; pure biotin methyl 
ester was obtained through the courtesy of Dr. Vincent du Vigneaud and a 
preparation from the SMA corporation was also used. Other vitamins or 
special chemicals employed are mentioned later in the text. 

The fungi were grown also on agar slants in test tubes, each containing 
approximately 8 ml. of medium. The basal medium in these cultures con- 
sisted of solution 1 plus the mineral supplements solidified with 1.5 per cent 
Difco agar or 1.5 per cent agar which had been purified by extraction with 
aqueous pyridine and alcohol as previously described (5). 

Pyrex glass thoroughly cleaned with a chromic-sulfuric acid mixture and 
washed with tap and distilled water was used throughout the experiments. 
The media were sterilized in an autoclave for 20 minutes at 15 lbs. pressure. 

EXPERIMENTS 

Response to Peptone. The Ceratostomellas grow readily on media sup- 
plemented with extracts of various natural products, for example, on malt 
agar, on agar containing an infusion of tree bark or on a thiamine-peptone 
agar (4). Preliminary investigation demonstrated that most of the 10 species 
or strains grew very poorly, or not at all, in a solution of dextrose, minerals, 
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asparagine, and thiamine, but grew quite well in the same medium contain- 
ing peptone. This is illustrated in table 1. Tii the experiment summarized 

Table 1. Average dry weight in mg, of duplicate cultures of the Ceratostomellas indi- 
cated in a mineral-dextrose solution containing asparagine and thiamine, and in 
the same solution plus peptone 
Temperature 26® C., time of growth in each passage 15 days. 


Additions to 25 ml. of solution 1 

C, piceaperda 

CO 

1 

C. pini , 

i 

I 

C. montium 

1 

o 

<2 

o 

60 

6 

C. pini 

J 

~ # 

d 

No. 

, 240 

No. 

255 

No. 

416 

No. 

424 

No. 

436 

1 No. 
438 

No. 

.512 


10 |i g. thiamine first passage ! 

1.8 

0.2 

11.3 

0.2 

57.9 

2.4 

1.6 

0.1 

10 p, g. thiamine and 25 mg. pep- 









tone Ist passage .. 

44.5 

27.3 

52.7 

14.4 

76.4 

39.4 

38.2 

16.9 

10 p, g. thiamine 2nd passage 

0.3 

0.0 

0.9 

0.0 

52.6 

1.8 

1.9 

0.0 

10 p, g. thiamine and 25 mg. pep- 









tone 2nd passage 

45.6 

25.4 

52.5 I 

13.3 

66.9 

39.4 

38.4 

18.5 


there, duplicate cultures, each containing 25 ml. of solution 1 plus 10 pg. of 
thiamine or plus 10 pg. of thiamine and 25 mg. of neo-peptone, were inocu- 
lated from stock cultures grown on a thiamine-peptone agar. Afjer 8 days 
growth at 26° C. sub-cultures were made into corresponding solutions for a 
second passage. Dry weights for both passages were determined after 15 
days growth. C. jjseudotsugae made considerable growth in the basal solu- 
tion containing thiamine, but its growth was decidedly improved by the 
addition of peptone. The growth of the other 7 strains or species in the basal 
solution plus thiamine was limited to a milligram or two and was increased 
many times by the addition of peptone. It appeared, therefore, that peptone 
supplied these species of Ceratosiomella with something necessary for 
growth which was not present in solution 1 plus thiamine. 

Response to Thiamine, Pyridoxine, and Biotin. Further investigation 
in which 11 vitamins^ and a number of amino acids were used, in various 
combinations, indicated that deficiencies of thiamine, pyridoxine, and biotin 
were primarily concerned in determining the growth of the Ceratostomella«e 
studied. 

The response of these fungi to the three vitamins was determined by 
growing each organism in 25 ml. of the basal solution and in the same 
medium plus biotin, thiamiile, pyridoxine, biotin and thiamine, biotin and 
pyridoxine, pyridoxine and thiamine, or all three vitamins. The quantity of 


2 See footnote 3. 
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these vitamins used per flask was 0.1 of biotin, 10 mp moles of thiamine, 
and 50 m|j moles of pyridoxine. Each orj^aiiism was jrrown also in the basal 
solution plus 0.3 g. of malt extract per flask. The experiment was performed 
in triplicate. The liquid cultures were inoculated from stock cultures on 
thiamine-peptone agar and incubated at 20° C. in the dark. Dry weights 
were determined after various periods of time, depending upon the rapidity 
of growth, as follows : 

C. psciidotsugae No. 436, C. Ips No. 438, after 8 days; C. piceaperda No. 
240, C. ips No. 255, C. pini No. 416, C. montium No. 424, after 12 days; C. 
pini No. 512, after 14 days; C. ulmi, (7. fimhnata, and the Ceratostomella 
from the London plane, after 20 days (table 2). 

Table 2. Average dry wright in n\g, of triplicate cultures of the Ceratostomcllas 
indicated in a basal mineral-dextrose solution containing asparagine 
to which thiaminCf pyridoxine, and biotin were added 
alone or in combination 

Temperature of incubation 20® C. Time of growth ranged from 8 to 20 days; see text 
for details. First passage. Compare with table H. 


Additions to 25 
ml. of solu- 
tion 1 

1 

o 

,s 

o 

3 

r-( 

d 

* ® 

X 

2 o 

C ns 
dL*n 

s ^ 

o 

»o 

10 nip, moles 
thiamine 

pyridoxine and 
biotin 

pyridoxine and 
thiamine 

biotin and thia- 
mine 

pyridoxine, biotin, 
and thiamine 

0.3 g. malt extract 

C. pseudo- 
tsugae, 

No. 436 

6.2 

6.5 

5.2 

1 51.4 

6.7 

66.6 

51.6 

46.5 i 

92.2 

C. ips, 

No. 438 

4.3 

5.4 

0.1 

1.0 

25.2 

0.3 

18.4 

39.9 ' 

92.4 

C. picea- 




1 






perdOf 

No. 240 ,, . j 
C. ips, 

No. 2r>5 ... 

0.2 

2.8 

3.3 

1 

0.2 

8.2 

17.6 

! 16.9 

27.5 

48.4 

no 

no 1 

no 

no 

1.9 

0.1 

0.1 

52.6 

51.5 

C.pinU 

growth 

growth i 

growth 

growth 







1 

1 

1 







No. 416 . 

0.2 

2.2 

0.1 ! 

0.1 : 

1.2 I 

0.1 

35.6 

34.9 

32.0 

C.montinum, 

1 









No. 424 

0.1 

0.8 

1.4 1 

0.1 

10.7 j 

3.2 

3.3 

33.2 i 

50.1 

C. pini, 





1 





No. 512 ... 

! 1.3 

1.2 

0.1 

0.3 

0.9 i 

i 0.2 

37.7 

41.7 

57.4 

C. ulmi 

no 

no 

25.1 

no 

24.0 

25.2 

no 

25.2 

119.7 

C. fimbriata ... i 

growth 

2.1 

growth 

4.5 

0.1 

growth 

32.4 

0.6 

60.6 

growth 

59.9 

103.6 

91.6 

C. from Lon- 










don plane ... 

0.1 

no 

no 

j 1.5 

1.4 

32.0 

18.5 

26.0 

54.2 


growth ! 

growth 

1 





i 



Sub-cultures from the growth in the first passage in liquid cultures were 
made into similar solutions for a second passage. This was in brder to de- 
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crease th6 effect of whatever vitamins might have been present in the orig- 
inal inoculum which came from cultures grown on thiamine-peptone agar. 

Each organism in the second passage (table 3) was grown also in the 
basal solution plus 11 vitamins and 21 amino acids^ and in the basal solution 
plus 50 m|j moles of pyridoxine, 10 mp moles of thiamine, and 19 mg. of 
neo-peptone per flask. For inoculating these cultures transfers from growth 
in the first passage in the basal solution was used for No. 436, No. 438, No. 
424, No. 512, and C. fimhriata, from the basal solution supplemented with 
biotin for No. 240, No. 416, and C. ulmi, and from the basal solution supple- 
mented with pyridoxine and thiamine for No. 255 and the Ceratostomella 
from the London plane. 

Dry weights for the second passage (table 3) were determined after the 
same time intervals as in the first passage except for C. ulmi, C, fimbriata, 
and the Ceratostomella from the London plane, which were grown for 18 
days only. 

In addition the 10 organisms were grown in triplicate in test tubes on 
agar slants containing the basal solution solidified with 1.5 per cent purified 
agar and in the same medium plus per tube the same quantities and combi- 
nations of thiamine, pyridoxine, and biotin used in the liquid cultures. The 
cultures were incubated in the dark at 20° C. After 11 days sub-cultures 
were made to corresponding media. The results in the se(*on(l passage on 
agar did not differ significantly from those observed in the first passage.^ 

The results on the agar cultures and in the liquid media were as follows : 

C. ips, No. 438, did not grow on the basal medium solidified with 1.5 per 
cent purified agar. The addition of thiamine or pyridoxine alone or together 
was of no benefit. The addition of biotin, biotin and thiamine, biotin and 
pyridoxine or of biotin, pyridoxine, and thiamine permitted good growth 
(fig. 1). It appeared from these results that C. ips No. 438 suffered from a 
complete or nearly complete biotin deficiency. 

This conclusion was confirmed by experiments in liquid culture, which 
showed in addition that partial deficiencies for pyridoxine and thiamine 
probably exist for this organism. Very little growth occurred in the basal 
solution (tables 2, 3). The addition of biotin increased the growth several 
times. The quantity of pyridoxine and of thiamine used appeared to be some- 
what injurious, for less dry matter was obtained in the cultures supple- 

3 The following amino acids were added in \ig, per flask : d arginine 10, dl alanine 3, 
1 aspartic acid 10, d glutamine 22, glycine 3, p alanine 80, 1 leucine 16, dl lycine HCL 32, 
dl norleucine 16, serine 16, dl theonine 16, dl valine 16, d cysteine HCl 16, 1 histidine HCl 
32, 1 hydroxyproline 16, dl methionine 16^, dl phenylalanine 16, 1 prolinc 16, 1 tryptophane 
32, tyrosine 8, thyroxine 8. 

The following vitamins were added per flask : ascorbic acid 12 |iig., pimelic acid 6 ^g., 
para-amino-benzoic acid 6 gg,, vitamin Ki 6 gg., calcium pantothenate 6 gg., lactoflavin 10 
mg moles, nicotinamide 10 mg moles, m-inositol 1 mg., pyridoxine 50 mg moles, thiamine 
20 mg moles, Jpiotin 0.1 gg. 
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merited with thiamine or pyridoxine than in the basal solution. Pyridoxine 
and biotin together or thiamine and biotin together were 3 to 5 times as 
effective as biotin alone while the best growth was obtained with all three 
vitamins present in the medium. Growth in the media containing biotin was 
distinctly better in the second passage than in the first. 

C. ulmi grew on the agar medium satisfactorily only in those tubes which 
contained pyridoxine. On the basal medium or on the basal medium con- 
taining thiamine or biotin, or a combination of the two, the development was 
slight (fig. 1). C. ulmi apparently has a complete pyridoxine deficiency. 

These observations were supported by the results in liquid culture 


Table 3. Average dry weight in mg, of triplicate cultures of the Ceratosiomellas 
indicated in a basal mine ral-dext rose solution containing asparagine 
to which thiamine f pyridoxine, and biotin were added 
alone or in combination 

Tomperaturc of incubation 20° 0. Time of growth ranged from 8 to 18 days; see text 
for details. Second passage. Compare with table 2. See footnote No. 3 for the 11 vitamins 
and 21 amino acids used. 


Additions to 25 ml. 
of solution 1 

i 

None 

'42 

o 

3 

bio 

a. 

rH 

O 

j 

50 mp, moles 
pyridoxine 

10 mp moles 
thiamine 

pyridoxine and 
biotin 

pyridoxine and 
thiamine 

biotin and thiamine 

biotin, pyridoxine 
and thiamine I 

_ . 1 

Eleven vitamins and 

21 amino acids 

pyridoxine, thiamine, 

* 1 9 mg. neopeptone 

C. pscudo- 
tsugae, 
No. 436 

0.1 

4.5 

10.3 

69.9 

12.6 

64.5 

78.5 

73.7 

82.4 

85.4 

C. ips, 

No. 438 

2.7 

16.9 

1.0 

0.8 

65.0 

2.2 

68.6 

77.8 

76.2 

31.9 

C. picca- 
perda, 

No. 240 

0.7 

4.4 

13.5 

0.5 

16.0 

26.9 

18.3 

43.8 

59.8 

61.0 

C. ips, 

No. 255 

no 

no 

no 

no 

1.3 

no 

no 

55.8 

49.2 

44.4 

C. pini. 

No. 416 

growth 

0.3 

growth 

1.2 

growth 

no 

growth 

no 

1.0 

growth , 

no : 

growth 

57.7 

60.9 

57.6 

46.4 

C. monti- 
num. 

No. 424 

0.3 

3.5 

growth 

0.6 

growth 

0.5 

3.4 

growth 

2.3 

0.2 

48.1 

55.1 

44.1 

C. pini. 

No. 512 

0.1 

0.6 

0.4 

0.4 

0.8 

0.1 

34.2 

39.2 

64.8 

40.8 

C, ulmi 

no 

no 

36.8 

no 

30.7 

28.8 ; 

no 

29.4 

42.3 ' 

56.9 

C, fimbri- 
ata 

growth 

0.7 

growth 

0.7 

0.5 ! 

growth 

95.9' 

0.7 

I 

i 

131.4 ' 

growth 

130.8 

127.8 

1 

62.7 ' 

66.6 

C, from 
London 
plane 

0.3 

0.1 

1 

0.2 

14.6 

0.1 

1 

34.9 

i 

37.9 

40.2 

1 44.2 1 

68.2 
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(tables 2, 3). C. nlmi did not grow in the basal medium and the addition of 
thiamine or of biotin, alone or together, had no effect. The growth with 



Fio. 1. Growth of various species of Ceratostomella on a basal mineral — dextrose 
medium containing asparagine and 1.5 per cent purified agar supplemented as follows: 
(1) no addition; (2) biotin; (3) pyridoxiiic; (4) thiamine; (5) biotin and pyridoxine; 
(6) pyridoxine and thiamine; (7) thiamine and biotin; (8) pyridoxine, thiamine, and 
biotin. A, C. ips No. 438; B, C. ulmi; C, C. fimhriata. Age of cultures 26 days. 

pyridoxine, pyridoxine and thiamine, pyridoxine and biotin, and with all 
three vitamins was approximately the same, indicating under these condi- 
tions no partial deficiencies for biotin or thiamine. 
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Attempts to substitute nicotinamide, calcium pantothenate, m-inositol, 
or para-amino benzoic acid for pyridoxine were unsuccessful. 

C. fimhriata {?rew very little in the basal aj?ar medium and the addition 
of pyridoxine or of biotin alone and togfether had little effect. When thia- 
mine was added growth was quite satisfactory (fig. 1) ; more rapid develop- 
ment occurred in those media supplemented with thiamine and pyridoxine, 
thiamine and biotin, or with the three vitamins. C. fimhriata appeared to 
have a complete deficiency for thiamine, and partial deficiencies for pyri- 
doxine and biotin. 

These conclusions were confirmed by the liquid cultures (tables 2, 3). 
Little growth was obtained in the basal medium or in the basal medium 
plus biotin or pyridoxine singly or together. Good growth was obtained on 
the addition of thiamine and was increased when thiamine and pyridoxine 
or thiamine and biotin were used as supplements. The best growth was 
obtained when all three vitamins were present. 

The Ceraiosiomella from the London plane tree resembled (7. fimhriata 
ill its vitamin deficiencies. It grew less rapidly and may suffer from more 
marked pyridoxine and biotin deficiencies than C. fimhriata (tables 2, 3). 

C. piceaperda, No. 240, grew slowly on the basal agar medium. Little 
growth was visible after 5 days. After 7 days colonies 2-5 mm. in diameter 
had developed and after 10 days the colonies averaged 12 mm. in diameter. 
The addition of thiamine to the basal medium had some, though little, bene- 
ficial effect on the early growth, but the addition of biotin or pyridoxine 
materially increased the rapidity of growth (fig. 2). The tubes containing 
biotin or pyridoxine after 5 days had colonies from 33 to 50 mm. in diameter 
and after 10 days the agar slopes were entirely covered with mycelium. 
The most rapid growth occurred in the tubes containing all three vitamins. 
The cultures on agar indicated that C, piceaperda suffers from partial 
deficiencies for biotin and pyridoxine. When these deficiencies were satisfied 
the addition of thiamine had a further beneficial effect. 

C. piceaperda grew very little in the basal solution and the addition of 
thiamine had little effect (tables 2, 3). Biotin increased growth somewhat 
but pyridoxine had a much greater effect. Pyridoxine and biotin together 
were about as effective as pyridoxine alone and about equal to the mixture 
of biotin and thiamine. Pyridoxine and thiamine together were still more 
effective and the three vitamins combined were most effective. These com- 
ments are based on the results of the second passage (table 3). 

0. piceaperda grew on the basal agar medium and acted as though it 
suffered chiefly from partial biotin and pyridoxine deficiencies. In liquid 
culture it grew little or not at all in the basal medium and appeared to 
have a complete deficiency for biotin and pyridoxine and a partial thiamine 
deficiency. The apparent differences between the growth of C. piceaperda 





192 


BULLETIN OF THE TORREY CLUB 


[VOL. 69 







1042] 


ROBBINS AND MA : CERATOSTOMELLA 


193 


on agar and in liquid culture may be the result of more rapid development 
on agar. It was noted that the relative growth in the second passage in the 
liquid cultures at the end of 12 days was much the same as that observed 
on agar at the end of 6 days. 

C, pseudotsugae, No. 436, grew slowly on the basal agar medium. At the 
end of 5 days this fungus had developed colonies 19 mm. in diameter and 
after 12 days the colonies were 39 mm. in diameter. The addition of biotin 
did not increase the rapidity of growth but pyridoxine had some beneficial 
effect and thiamine was distinctly beneficial. The combination of biotin and 
pyridoxine was more beneficial than pyridoxine alone. Good growth was 
obtained also on the media containing pj^ridoxine and thiamine, biotin and 
thiamine, or all three vitamins (fig. 2). C. pseudofsugae seemed to have par- 
tial deficiencies for thiamine and pyridoxine. 

In the first passage in liquid culture there was no evidence for a pyri- 
doxine deficiency, but in the second passage partial deficiencies for thiamine 
and pyridoxine were indicated by the increased growth obtained when these 
vitamins were supplied (table 3). 

C. pint, No. 512, did not gi’ow on the basal agar medium and the addition 
of biotin, of pyridoxine, of thiamine, of biotin and pyridoxine together, or 
of pyridoxine and tliiamine together had little or no effect (fig. 2). The 
addition of biotin and thiamine or of all three vitamins permitted good 
growth. Prom these results it appeared that this fungus suffers from com- 
plete biotin and thiamine deficiencies. 

The liquid cultures confirmed this assumption. Little growth was ob- 
tained in any of the solutions except those supplemented with both biotin 
and thiamine or all three vitamins. The somewhat greater growth obtained 
when all three vitamins were present suggests that there may be also a partial 
pyridoxine deficiency (table 3). 

C. piniy No. 416, responded much as did the isolation of the same species 
from Firms echinata. It grew somewhat more rapidly and differed somewhat 
in gross morphology (tables 2, 3). 

C, ips, No. 255, did not grow on the basal agar medium. The addition of 
biotin produced a small amount of growth but thiamine or pyridoxine was 
entirely ineffective. When the vitamins were added to the basal medium in 
pairs thiamine and pyridoxine were entirely ineffective and the growth with 
biotin and thiamine or with biotin and pyridoxine was about the same as 

Explanation of figure 2 

Fig. 2. Growth of various species of Ceratostomella on a basal mineral— -dextrose 
medium containing asparagine and 1,5 per cent purified agar supplemented as follows: (1) 
no addition; (2) biotin; (3) pyridoxine; (4) thiamine; (5) biotin and pyridoxine; (6) 
pyridoxine and thiamine; (7) thiamine and biotin; (8) pyridoxine, thiamine, and biotin. 
A, C, piceaperda, No. 24(J; B, C. pseudotsugae, No, 436; C, C. pini No. 5l2j D, C, ips Ko.^ 
255. Age of C. pseudotsugae 12 days; others, 26 days. 
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with biotin alone. When all three vitamins were added the {growth was quite 
satisfactory. C. ips, No. 255, appeared to have complete or nearly complete 
deficiencies for biotin, thiamine, and pyridoxine, and in order to obtain 
^rood growth all three vitamins had to be added to the medium (fij?. 2). 

These results were essentially duplicated in the liquid cultures (tables 
2, 3). In the second passage 55.8 mg. of mycelium were produced in the 
presence of all three vitamins while the maximum obtained with any single 
one or combination of two was 1.3 mg. 

It is interesting to contrast this strain of C. //xs with No. 438 which 
showed a single major deficiency — one for biotin. 

(7. montium, No. 424, closely resembled C. ips, No. 255, in its vitamin 
needs on the agar media. It appeared to have complete or nearly complete 
deficiencies for all three vitamins. This was true also for the liquid cultures 
(tables 2, 3). Little growth occurred in the basal solution, biotin improved 
the situation a little, but the growth was insignificant until all three vita- 
mins were added. 

The results given above indicate that these 10 fungi, all belonging to the 
genus Ceraiostomella, have 7 distinct combinations of vitamin deficiencies 
under the conditions of our experiments. These may be tabulated as follows: 


Table 4. Vitamin deficiniHes of 10 species or strains of Ceratostomella 
Note that the 10 fungi show 7 different types of deficiencies for the 3 vitamins. 
For C. piceaperda the partial deficiencies for biotin and pyridoxine are the more marked. 


Fungus 


C. ips No. 438 

C. nlmi 

C.fmhriata 

C. from London plane . . 
C. piceaperda No. 240 
C, pseudoisugae No. 436 

C.pini No. 512 

C.pini No. 416 

C. ips No. 255 

C, montium No. 424 


Biotin 

complete 

none 

partial 

partial 

partial 

none 

complete 

complete 

complete 

complete 


Deficiency for 

Pyridoxine 

partial 

complete 

partial 

partial 

partial 

partial 

partial 

partial? 

complete 

nearly complete 


Thiamine 

partial 

none 

com])lete 

complete 

])artial 

partial 

complete 

complete 

complete 

nearly complete 


Synthesis of Vitamins by Ceratostomella. All the available evidence 
indicates that each living organism requires many vitamins. An organism 
which shows a deficiency for one is capable of synthesizing the others from 
the more elementary foods and nutrients, for example, from sugar, minerals, 
and a nitrogen source. It seemed worth while to test this assumption for 
the organisms and the vitamins concerned in this study. 

C. fimbriata grew in a medium supplemented with thiamine. Is it capable 
of making biotin and p 3 rridoxine from sugar, minerals, and asparagine (and 
thiamine) t The vitamin deficiency for C. ulmi is pyridoxine. Can it synthe- 
size thiamiiie and biotin? 
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The procedure in answering these questions for C. fimbriata was as 
follows : 

C. fimbriata was grown in 25 ml. quantities of the basal solution plus 
10 mp moles of thiamine per flask. At the end of 9 days and without the 
removal of the mycelium sufficient purified agar was added to each flask to 
make a 1.5 per cent solution and the solution was sterilized. The agar medium 
in some flasks was inoculated with C. ulmi, in others with C, ijjs No. 438, 
and in others with C. montium No. 424. Since the original medium contained 
thiamine but no pyridoxine, growth of C. ulnii would show that C. fimbriata 
had synthesized pyridoxine. Similarly growth of C. ips No. 438 would show 
that C. fimbriata had made biotin. C. montium No. 424 has complete defi- 
ciencies for all three vitamins and its growth on a medium to which thiamine 
only had been originally added would demonstrate that C. fimbriata had syn- 
thesized both pyridoxine and biotin. The results showed clearly the synthesis 
of pyridoxine and biotin by C. fimbriata from sugar, minerals, and aspara- 
gine (and thiamine) (fig. 3). By an analogous procediire the synthesis of 
vitamins b}" other species of Ceratostomella was determined as shown in 
the following table. All tests were positive. 

Table 5. Various species or strains of Ceratostomella tested for synthesis 

of vitamins 

The vitamins tested for and the organisms used in the bio-assay are given. The 
results of all tests were positive. 

Fungus and culture 
solution tested 

C. fimbriata grown in soln. 1 
plus thiamine 

Ceratostomella from Tjondon 
j>lane grown in soln. 1 plus 
thiamine 

C. ulmi grown in soln. 1 jdus 
pyridoxine 

C. ips No. 438 grown in soln. 1 
plus biotin 

C. pint No. ol2 grown in soln. 

1 plus biotin and thiamine 

C. pini No. 416 grown in soln. | 

1 plus biotin and thiamine | 


Tested 

for 

pyridoxine 

biotin 

pyridoxine and biotin 

pyridoxine 

biotin 

pyridoxim* and biotin 

biotin 

thiamine 

biotin and thiamine 

pyridoxine 

thiamine 

pyridoxine 

pyridoxine 

pyridoxine 

pyridoxine 


Tested 

with 

C. nlmi 

C, ips No. 438 
C. montium No. 424 

C. ulmi 

C. ips No. 438 
C. montium No. 424 

C. ips No. 438 
C. fimbriata 
C. montium No. 424 

C. ulmi 
C. fim briata 

C, nlmi 

C, montium No. 424 
(7. ulmi 

C, montium No. 424 


Other Vitamin Deficiencies. It is possible to grow any of the 10 fungi 
studied in a basal medium supplemented with thiamine, pyridoxine and 
biotin. Do these three vitamins satisfy all the vitamin deficiencies of all these 
organisms ? It is probable that they do not. It is probable that some of these 
organisms suffer from partial deficiencies for other unidentified vitamins. 



196 


BULLETIN OP THE TORREY CLUB 


[VOL 60 





19421 


ROBBINS AND MA : CEBATOSTOMELLA 


197 


This is sup:gested by the development of perithecia on the basal agar 
medium supplemented with the three vitamins as compared with that de- 
scribed by Rumbold on malt agar. Several of the fungi did not form peri- 
thecia on our synthetic media and none developed these bodies so rapidly as 
has been described for their formation media containing natural supple- 
ments. Of course, we cannot on the basis of our present knowledge ascribe 
the slowness or the failure of perithecial development to deficiencies for 
vitamins other than thiamine, biotin, and pyridoxine. A number of other 
factors may be concerned. However, the perithecial development indicates 
that the basal medium supplemented with the three vitamins is probably 
not optimal for all these organisms and partial deficiencies for one or more 
additional vitamins may be concerned. 

Further evidence for partial deficiencies of additional vitamins is found 
in the relative growth of some of these fungi in the basal medium supple- 
mented with the three vitamins and in media containing additional vitamins 
or natural products. 

For example, C. uimi produced a dry weight of 25.2 mg. in the basal 
medium plus thiamine, pyridoxine, and biotin, but with malt extract the 
yield was 119.7 mg. (table 2). In the basal medium containing thiamine, 
pyridoxine, and peptone, the yield was 56.9 mg., as compared to 29.4 mg. in 
the basal medium containing thiamine, biotin, and pyridoxine (table 3). 
One explanation for the benefit noted from malt extract and from peptone 
on the growth of C. ulmi, which should be investigated, is that these natural 
products supply additional vitamins. 

The growth of 0, piceaperda No. 240 was improved by the addition of 
calcium pantothenate, nicotinamide, and para-amino benzoic acid to a basal 
solution containing biotin, thiamine, pyridoxine, and m-inositol. Still greater 
improvement was observed with the further addition of lactoflavin, ascorbic 
acid, pimelic acid, and glutamine. This suggests that partial deficiencies for 
other vitamins exist for this organism. In fact, greater growth was obtained 
in a medium supplemented with additional vitamins or with some natural 
product for all the Ceratostomellas except C. ips No. 255, C. pini No. 416, 
and C. fimhriata. 

The addition to the basal medium of 11 vitamins and 21 amino acids did 
not improve the growth of No, 438, No. 255, No. 416, (7. fimhriata, and the 
Ceratostomella from the London plane (table 3), as compared to that in the 
basal medium plus biotin, pyridoxine, and thiamine. However, the basal 

Explanation of figure 3 

Fio. 3. Production of biotin and pyridoxine by C. fimhriata. (1) basal medium con- 
taining thiamine solidified with purified agar; (2) same medium in which C. fimhriata was 
grown also solidified with purified agar. A, inoculated with C. ips No. 438 ; B, inoculated 
with C, nlmi; C, inoculated with C, mdntium No. 424. 
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medium plus malt extract was more eflFective than the basal medium plus 
thiamine, biotin, and pyridoxine for No. 438 and the Ceratostomella from 
the London plane. Furthermore, the beneficial effect of the malt extract of 
C. ulmi was much prreater than that of the 11 vitamins and 21 amino acids. 
This sug:{?ests that C. ips No. 438, the Ceratostomella from the London plane, 
and C. nlnii suffer from deficiencies not supplied by the 11 vitamins and 21 
amino acids. 

The possibility that partial deficiencies for other vitamins than biotin, 
thiamine, and pyridoxine exist for some of these orjj^anisms and the condi- 
tions for good perithecial development should be investigated further. 

Effect of Vitamins on Gross Morphology. The nature of the vitamins 
supplied influenced the pigment production and the character ^of the growth 
in several instances. For example, (7. fimbriata developed on agar a white 
cottony mycelium when supplied with thiamine only, but with thiamine and 
biotin, with thiamine and pyridoxine, or with all three vitamins the myce- 
lium was moist with a white frosting. In liquid culture after 8 days the same 
organism in the solution supplemented with thiamine showed a single sub- 
mersed mycelial colony about 1 cm. in diameter, but with thiamine and pyri- 
doxine, thiamine and biotin, or all three vitamins the surface of the liquid 
was covered with a dry torula-like growth in addition to the submersed 
mycelium. 

C. ips No. 438 formed a dry mycelium on agar supplemented with biotin, 
while on agar supplemented with biotin and Ihiamine, biotin and pyri- 
doxine, or with all three vitamins the growth was moist. The casual observer 
might easily have concluded that two different organisms were concerned. 

Time did not permit a detailed investigation of these differences, some 
of them doubtless associated with the relative abundance of conidia. It is 
worth recording, however, that the supply of vitamins did markedly influ- 
ence the gross morphology of some of these fungi. 

Presence of Biotin, Pyridoxine and Thiamine in Cotton Batting and 
in Agar. In the course of an experiment not reported in detail here it was 
noted that C. ips No. 255 grew vigorously in one flask of three, which con- 
tained the basal solution plus thiamine and calcium pantothenate. Since 
this fungus suffers from complete thiamine, biotin, and pyridoxine deficien- 
cies, it was evident that the last two vitamins must have been fortuitously 
introduced into this .flask. Investigation showed that water had dripped 
during sterilization from the roof of the autoclave on the cotton stopper of 
this flask and percolated into the culture medium. Cotton batting was there- 
fore investigated for biotin, pyridoxine, and thiamine. 

A quantity of cotton batting was moistened with distilled water and 
autoclaved. The liquid was pressed out and made up so that 1 ml. of the 
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extract was equivalent to 1 g. of the cotton batting. No attempt was made to 
make a thorough and complete extraction of the cotton. The extract con- 
tained 12.2 mg. dry matter per ml. 

To determine the presence of vitamins in this extract, tubes of the basal 
medium plus 1.5 per cent purified agar were prepared. To some tubes 1 ml. 
of the cotton extract was added. Tubes of the basal medium and of the basal 



Fig. 4. Presence of biotin, pyridoxine, and thiamine in cotton extract and unpurified 
agar. A(l) basal medium with purified agar inoculated with C, ips No, 4338; A (2) same 
with extract from 1 g. cotton batting; A (3) basal medium inoculated with C. ulmi; A (4) 
same with cotton extract; A (5) basal medium inoculated with C» fimhriatd; A (6) same 
with cotton extract; A (7) basal medium inoculated with C. ips No. 255; A (8) same with 
cotton extract. B(l-8) purified agar compared with unpurified agar. 

medium plus the cotton extract were inoculated in triplicate with C. ips No. 
438 to test for biotin, with C. ulmi to test for pyridoxine, with C. fimbriata 
to test for thiamine, and with C. ips No. 255 which grows well only when all 
three vitamins are present. The results (fig. 4) demonstrated that the cotton 
extract contained per ml. sufficient biotin, pyridoxine, and thimine to give 
maximum or nearly maximum effects with these four species of Ceratosmella. 
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The cotton extract was used also in solution cultures. Growth of C, ips 
No. 438, of C. ulmi, of C. montium No. 424, and of C. ips No. 255 in the 
basal medium plus the cotton extract demonstrated the presence of thiamine, 
pyridoxine, and biotin in this material (table 6). The growth of C. ips No. 
438 in the basal solution plus the extract of 3 g. of cotton was superior to 
that obtained in any other medium, including malt extract. 

Table 6. The effect of an extract of cotton hatting on the growth of the 
Ceratostomellaa indicated 

Grown 14 days at 20° C. The average dry weight of triplicate cultures is given 
in mg. 


Additions to 25 ml. 
of soln. 1 

.1 

C, ulmi 

C. montium 

C, ips 

1 

eu 

S 

.V 

5. 


No. 43S 

\ 

No. 424 i 

1 

No. 255 

No. 240 

10 mji moles thiamine 

0.0 

0.0 

0.0 

0.0 j 

0.1 

10 mji moles thiamine plus ex- 



1 



tract 0.3 g. cotton 

62.0 

5.7 

3.3 1 

2.8 

43.9 

10 mp, moles thiamine plus ex* 






tract 1.5 g. cotton 

93.6 

9.3 

8.3 1 

10.2 

74.7 

Extract 1.5 g. cotton 

121.9 

8.3 

9-.2 ' 

7.7 

20.6 

Extract 3.0 g. cotton 

135.1 

8.9 

13.9 

11.7 

1 27.2 

10 mp moles thiamine, 0.01 |ig. 






biotin, 50 m^ moles pyridox- 
ino 

10.6 

9.2 

17.6 

11.6 

1 

*^50.5 


We cannot be certain that these vitamins were present in the cotton boll 
and were not introduced in some way after the cotton was picked. The 
probability is that the former assumption is correct. In any event it is clear 
that cotton batting, so freely used as a laboratory material, may supply 
various vitamins, including biotin, pyridoxine, and thiamine. 

Difco agar also contains all three vitamins. This is demonstrated in 

figure 4. The four organisms used in the experiment on cotton extract were 

grown on the basal medium solidified on the one hand with 1.5 per cent 

purified agar and on the other with 1.5 per cent unpurified Difco agar. Each 

tube contained about 0.12 g. of dry agar. Although the greater growth of C. 

ulmi and of (7. fimbriata on the unpurified agar demonstrated the presence 

of pyridoxine and thiamine, there was not suflBcient of these vitamins in the 

amount of agar used to give a maximum effect. C. ips No. 438 grew quite 

well on the unpurified agar, showing the presence of sufficient biotin to 

produce nearly a maximum effect on this fungus. 

% 

DISCUSSION 

Earlier work on the nutrition of Ceratostomella furnishes little informa- 
tion on the nutritional requirements of the genus. Hedgcock (3) cultivated 
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a considerable number of species of Ceratostomella and found a pine decoc- 
tion agar made from bark and sap wood to be an excellent medium, consid- 
erably superior to an agar made from heart wood. Schwarz (9) states that 
C. ulmi did not grow on a nutrient base which contains sugar as the only 
source of carbon. He grew this organism also on media containing a variety 
of natural products. It is clear now that C. ulmi failed to grow in some of 
the media used by Schwarz because the medium lacked pyridoxine and not 
because sugar was the only source of carbon. Clinton and McCormick (2) 
grew C. ulmi on a variety of natural media including elm twigs, cherry 
agar, plugs of potato and carrot, grains of wheat, oats and barley, sterilized 
liver, elm bark, and elm wood. Evidently all of these materials contained 
suflBcient pyridoxine to permit growth. Rumbold (6, 7, 8) used chiefly a 
malt extract agar in the cultivation of the species of Ceratostomella she 
studied. She (7) found C. pint grew abnormally on a mineral — dextrose 
medium containing 1.5 per cent agar and either sodium caseinate or peptone 
and did not grow on the same medium containing asparagine or urea. It 
seems probable that lack of sufficient thiamine was partly responsible for 
these results. Rumbold (7) reported that C. pseudofsngae grew well on a 
mineral — dextrose medium containing 1.5 per cent agar and urea, aspara- 
gine, sodium caseinate, or peptone. We found that this organism grew on an 
agar medium to which no vitamins were added, especially if Difco agar 
rather than purified agar was used. Taylor-Vinje (10) grew C. montium on 
a corn meal decoction solidified with agar. Bramble and Holst (1) grew C, 
pini on a malt agar or malt broth. Our results show that the advantage of 
media containing natural products for the cultivation of Cerastomella is 
probably due to the vitamins supplied by the natural supplements. 

Our results are of interest also because of the diversity of vitamin defi- 
ciencies evidenced by representatives of a single genus. It seems probable 
that a study of other members of this genus would add to this diversity. We 
might, for example, find a species which suffers from complete deficiencies 
for more vitamins than biotin, pyridoxine, and thiamine ; one which would 
not grow even if all three of these vitamins were supplied. 

Attention should be called to the vitamin relations of different isolations 
of the same species. The two isolations of C. pini. No. 416 and No. 512, were 
much alike in their vitamin deficiencies but the two isolations of C. ips No. 
438 and No. 255, were decidedly different. The former (No. 438) was 
marked by a complete biotin deficiency and partial deficiencies for pyri- 
doxine and thiamine, while the latter (No. 255) showed complete deficien- 
cies for all three vitamins. Evidently these differences in vitamin deficien- 
cies did not affect the characters differentiating the species. 

Our observations are of interest also because of the deficiencies for pyri- 
doxine shown by these organisms. Reports of pyridoxine deficiencies for 
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filamentous fungi have not hitherto appeared, yet three of the ten Cera- 
tostomellas we studied showed a complete pyridoxine deficiency and seven 
a partial pyridoxine deficiency. C. nlnii is of special interest in this connec- 
tion because it sulfers from a pyridoxine (complete) deficiency only. This 
suggests that it might be used as a bio-assay for this vitamin. However, the 
character of its growth makes dry weight determinations tedious, and photo- 
electric determinations of the growth of this organism were not entirely 
satisfactory. Furthermore, it appears to have unidentified partial deficien- 
cies which markedly affected its growth. What influence this might have on 
the use of C. ulmi for the quantitative determination of pyridoxine in 
natural products would need further study. 

These experiments emphasize also the importance of partial vitamin 
deficiencies in limiting growth. A complete deficiency causes a marked and 
dramatic effect. If the vitamin is absent from the medium no growth occurs ; 
its addition, if a single complete deficiency is concerned, permits growth. It 
is an all or none effect. On the other hand, partial deficiencies permit slow 
growth to take place in the absence from the medium of the vitamin con- 
cerned and its addition merely increases the rate of growth. Partial deficien- 
cies are less obvious in their effects than complete deficiencies. Nevertheless, 
they both influence the rate and the character of the development of an 
organism. 

Because of the possible influence of partial vitamin deficiencies the 
occurrence of growth on any given medium may not be taken as a priori evi- 
dence for eliminating vitamins as limiting factors. Seven of the ten species 
or strains studied in the experiments described in this paper were found to 
suffer from partial deficiencies of thiamine, pyridoxine, or biotin. Further- 
more, some evidence for partial deficiencies of unidentified vitamins was 
found for two of the three remaining organisms. For this genus partial 
deficiencies are of general occurrence and considerable importance. 

The interrelation between the various vitamins presents an interesting 
situation. C. fimhriataf for example, grows very little in the basal medium. 
The addition of thiamine (table 3) results in a great increase in growth and 
the synthesis of both biotin and pyridoxine (table 5). However, maximum 
growth is not obtained in the thiamine medium apparently because the 
organism does not synthesize enough biotin and pyridoxine, since the addi- 
tion of biotin or pyridoxine or both to the thiamine medium results in 
greater growth. The situation is somewhat puzzling. If the biosynthesis of 
either biotin or pyridoxine limits growth in the thiamine medium then we 
should expect the addition of one to increase the growth and the other to be 
ineffective. If the synthesis of bdth biotin and pyridoxine is the limiting 
factor dn the thiamine medium then it should be necessary to add both before 
any marked effect is obtained. However, both the combination of thiamine 
and pyridoxine and of thiamine and biotin are more effective than thiamine 
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alone. The accumulated evidence from other sources on the specificity of the 
vitamins would not encourage us to believe that pyridoxine takes the place 
of biotin or vice versa. We might assume that an increase in the supply of 
biotin in the presence of thiamine makes the synthesis of more pyridoxine 
possible and, on the other hand, an increased supply of pyridoxine permits 
a greater production of biotin. It is possible also that one vitamin is utilized 
more effectively when others are present in adequate amounts. A similar 
situation exists in the relation of thiamine and pyridoxine to the growth of 
C. ips No. 488 (table 8) in a medium containing biotin. 

SUMMARY 

Ten species or strains of Ceratosfomella w^ere gro^vn in a basal mineral- 
dextrose medium containing asparagine and in the same medium supple- 
mented with biotin, pyridoxine, or thiamine singly and in combination. All 
the fungi suffered from complete or partial vitamin deficiencies and 7 dif- 
ferent combinations of deficiencies were found. The use of media containing 
natural products for the cultivation of these fungi is due to their vitamin 
deficiencies. Some evidence is presented for the existence of deficiencies for 
unidentified vitamins. The presence of biotin, thiamine and pyridoxine in 
cotton batting and in Difco agar was demonstrated. 

New York Botanical Garden 
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Department op Botany, Columbia University 
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EFFECT OF VARIATIONS IN LIGHT INTENSITY, LENGTH 

OF PHOTO-PERIOD, AND AVAILABILITY OF NITRO- 
GEN UPON ACCUMULATION OF ASCORBIC 
ACID IN COWPEA PLANTS^ 

Mary Elizabeth Reid 

An understanding of the causes of variations in the ascorbic acid con- 
tent of plants is desirable from both practical and theoretical considerations. 
Of the various environmental factors known to influence accumulation of 
this vitamin in plants, light appears to have the greatest effect. Differences 
in intensity, quality, and length of the daily period of illumination may all 
be concerned in producing modifjdng effects. 

The early investigations on the effects of light upon ascorbic acid accu- 
mulation were reviewed in a previous publication (Reid 1938). Murphy 
(1939) has shown that the ascorbic acid content of apples is higher 
on the side exposed to the sun than on the shaded side. Harding, Winston, 
and Fisher (1939) observed significantly higher values in oranges picked 
from outside branches which were fully exposed to sunlight. Kessler (1939) 
reported that for a given variety of apple those from Southern Oermany 
were generally richer in vitamin C than those grown in the northern, sec- 
tions. Fruit which matured unevenly because of shading had from 30 to 50 
per cent higher ascorbic acid content on the red than on the green side. 
The effect was attributed to the difference in light intensity rather than to 
an association with the red pigment. Burrell, Brown, and Ebright (1940^ 
found the same variety of cabbage did not have the same ascorbic acid< 
values at different seasons or in different regions. Lojander (1940) reported 
considerable seasonal variation in the vitamin content of most garden 
vegetables. Illynview and Ulanova (1937) found that shortening the day 
decreased the relative quantities of ascorbic acid in kohlrabi and sorrel 
and increased the content in onions. Moldtmann (1939) observed that pro- 
longed cloudiness lowered the ascorbic acid values in plants. He also deter- 
mined the vitamin C content of leaves of Faqus sylvatica and of Taxus 
haccata at different times of year and found the highest values in Fagus in 
July and in Taxus in March. Sugawara (1939) studied the influence of 
variations in light intensity on the accumulation of ascorbic acid in various 
types of etiolated seedlings. Five-day-old seedlings of radish, Chinese cab- 
bage, and maize grown in darkness were exposed to different intensities of 
light for 6, 18, 30, and 42 hours at 10,000, 1,000, 100, and 10 lux and others 
were left in darkness. After 42 hours exposure the following values (mg./g. 

1 Publication of the figures was assisted by tlio Lucicii M. Underwood Memorial Fund. 
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fresh weight) in the above sequence were found: radish, 1.11, 0.95, 0.77, 
0.67, 0.61; Chinese cabbage, 1.12, 1.02, 0.79, 0.63, and 0.56; maize, 0.67, 0.63, 
0.56, 0.52, and 0.49. The ascorbic acid content is thus shown to increase 
with increasing light intensity but not in direct proportion to it. The effect 
of variations in the intensity of light upon the ascorbic acid values of ex- 
cised Ficus branches placed in water and kept in darkness for eight hours 
previous to assaying was studied by Moldtmann (1939). He found a 20 per 
cent loss during the period in darkness and a 14 per cent gain as a result 
of a three-hour exposure to a 40 watt light at a distance of 30 centimeters. 
With successive increases in light intensity up to 600 watts higher ascorbic 
acid values were found but as in Sugawara’s results the increase in ascorbic 
acid was not proportional to the increase in light intensity, particularly in 
tlie higher intensities. 

Some investigators who have studied the effect of soil fertility upon the 
vitamin C content of plants have found that high fertility is favorable to its 
accunnilation (Potter and Overholser 1933; Ijdo 1936; Hoffman, Krauss, 
and Washburn 1938; Fellers, Young, Isham, and Clague 1934). Others 
have observed comparatively little effect (Pfiitzer and Pfaff 1935; Smith 
and Paterson 1937; Smith and Gillies 1940). High nitrogen fertilizers have 
generally been found to influence ascorbic acid synthesis favorably, more 
than do other types of fertilizers (Isgur and Fellers 1937 ; Balks and Pom- 
nier 1938; Sugawara 1938; Burrell, Brown, and Ebright 1940). There is 
little reported evidence that the use of properly balanced fertilizers de- 
creases the ascorbic acnd content of plants grown under field conditions 
(Virtanen 1936; Isgur and Fellers 1937). Kessler, however, found (1939) 
that overfertilization of apple trees with nitrogen depressed the ascorbic 
acid content of the fruit and suggested that it was possibly caused by the 
shading of the fruit with the extra-heavy foliage of the high-nitrogen trees. 
Fuhrmeister (1937) on the contrary had previously obtained similar results 
with high-nitrogen fertilization of vegetables in which shading was sup- 
posedly not an interfering factor. 

Moldtmann (1939) published data suggesting a parallelism between 
the glucose and ascorbic acid content of leaves of monocots but not of 
dicots. Other experiments by this investigator showed that within certain 
limits increasing the available carbon dioxide resulted in an increased syn- 
thesis of ascorbic acid. On the other hand, ringing experiments, which nor- 
mally lead to an increase in carbohydrates above the ring, resulted in. no 
increase in ascorbic acid content. Leaves above a ring in Fraxinus excelsior 
had definitely less ascorbic acid than similar leaves from normal branches. 
No distinct difference was found in tests with Salix capra. 

The inter-relationships of available nitrogen, carbohydrates, and growth 
were studied by Kraus and Kraybill (1918), Nightingale (1922), Nightingale 
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and Kraus (1924), Reid (1924, 1929), and by a number of other investi- 
jjators. It was found that the accumulation of carbohydrates is dependent 
upon the quantity of available nitrogen. If the nitrogen supply is very 
abundant, the carbohydrates tend to be utilized in growth and in synthesis 
of organic nitrogen compounds. On the other hand, if the supply of nitrogen 
is limited, carbohydrate utilization is retarded, and a marked accumulation 
may result. 

No investigations have been reported bearing on ascorbic acid as influ- 
enced by the interrelations of mineral nutrient supply with seasonal and 
weather variations in light. The present studies are concerned with some 
aspects of these problems. 

PROCEDURE 

Approximately uniform cowpea seeds of the Groit variety w’ere placed 
in germinators and kept at 27-29^" C. for 24 hours or slightly longer. Seed- 
lings with sprouts approximately 1 cm. long were selected for planting in 
clean wliite sand in half-gallon crocks of the shallow type. A nutrient solu- 
tion was added under the conditions indicated for individual tests. 

In preparing plants for vitamin C assays, the organs were weighed 
rapidly, then placed in Petri dishes and kept in the refrigerator until the 
ascorbic acid determinations by the indophenol method could be made. 
The vitamin C assays were made as rapidly as possible and if there was a 
fairly large number of samples, tests of the leaves .were always made^first 
and of the stems last. The tissues were pulverized in a mortar using a small 
quantity of acid-washed sand and 5 per cent metaiihosphoric acid as an 
extracting agent. Appropriate aliquots of the filtered extracts were used in 
the titrations. 


EXPERIMENTAL RESITLTS 

1. Effect of Seasonal Differences in Light Conditions. Two groups of 
young seedlings grown without added nutrients and at different seasons of 
the year were assayed in the first test. Some were grown during the latter 
part of November under the comparatively weak illumination and short 
days characteristic of this season and others in the much higher light in- 
tensity and longer days of March. The records of the IT. S. Weather Bureau 
for Washington, D. C., show that the average total amount of solar radia- 
tion per day during the period of the November test was 184 gram-calories 
and in the March test, 344 gram-calories. The light intensity on bright days 
during the November test as measured in the greenhouse by a Weston illu- 
mination meter was about 60 per cent of that on bright days in March. The 
plants grown during November in the weaker light had larger stems and 
smaller roots than those grown in March. 
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Table 1. Comparison of total ascorbic acid values and green weights of 14-day-old 
cowpea plants grown in November and March 



Nov. 20~Dec. 1 
Average radiation 
(Gr.-cal. per day) 
184 

Mar. 7-17 
Average radiation 
(Gr.-cal. per day) 
344 

Nov./Mar. 

1 Radiation ratio 

54 


Green Wt. 

A sc. Ac. 

Green Wt. 

Asc. Ac. 

Green Wt. j 

Asc. Ac. 


G. 

Mg. 

G. 

Mg. 

Total 

Mg./G. 

Leaves 

0.796 

0.525 

! 0.851 

0.880 

! 0.94 

0.60 

0.64 

Stems + 
Petioles 

0.532 

0.072 

0.390 

0.079 

! 1..36 

0.91 

0.67 

Roots 

1.256 

0.210 

1.642 

0.325 

0.77 

0.65 

0.84 

Total 

2.584 

0.807 

2.883 

1.284 

i 0.90 

0.63 

I 

0.70 


Table 1 shows that the ascorbic acid values were hi^dier in all parts of 
the March plants. The total ascorbic acid in the November plants was 63 
per cent of that of the March plants; whereas, the total "reen weif^ht of the 
former was only 11 per cent less than that of the latter. As calculated from 
the quantitative data in table 1, the leaves of the November plants con- 
tained 0.66 luf?. of ascorbic acid per gram whereas those of the March 
])lants contained 1.03 mg. per gram. The iodine and Pliickiger tests^ made 
upon sections of leaf and stem tissues showed a lower content of starch and 
free-reducing substances respectively in the November than in the March 
plants. The larger leaves, longer stems, smaller root systems, and lower con- 
tent of starch and free-reducing substances found in these tests to be char- 
acteristic of cowpea plants grown under low light intensity and short days 
as compared with those grown under high illumination and long days are 
much like those previously described for Hubbard squash plants grown 
under similar conditions (Reid 1930). 

In another experiment winter- and spring-cultured plants supplied 
with added nutrients were allowed to grow for eight weeks before being 
assayed. The winter group was tested on January 12 and the spring-sum- 
mer group on May 19. The U. S. Weather Bureau records show that the 
average total radiation per day during the period in which the winter plants 
were grown was 165 gram-calories and during the spring-summer period 
was 470. The total radiation per day during the former period was only 35 
per cent of that in the latter. However, during the week immediately pre- 
ceding the winter test, the average total radiation per day was 41 per cent 
of that during the spring period. Measurements made in the greenhouse 
with the illumination meter showed almost a 50 per cent difference in the 
maximum intensities at the two seasons. The results of the experiment are 
shown in table 2. 


2 Eckerson, Outlines of Plant Microchemistry (unpublished) . 
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Table 2. Total ascorbic acid content and green weights of giants eight weelcs old and 

tested in January and May 



Nov. 17-Jan. 12 
Average radiation 
165 gr.-cal. per day 

Mar. 24-May 19 
Average radiation 
470 gr.-cal. per day 

Nov.-J an./Mar.-May 
Radiation ratio 

36 


Green Wt. 

Asc. Ac. 

Green Wt. 

Asc. Ac. 

Green Wt. 

Asc. Ac. 


G. 

Mg. 

G. 

Mg. 

Total 

Mg./Q. 

Leaves 
Stems + 

18.99 

9.85 

. 18.44 

20.44 

1.03 

0.48 

0.47 

Petioles 

15.66 

1.17 

13.03 

1.64 

1.20 

0.71 

0.60 

Roots 

9.36 

1.07 

17.23 

2.34 

0.54 

0.46 

0.84 

Total 

44.01 

12.09 

48.70 

24.42 

0.90 

0.50 

0.55 


The winter plants accumulated half as much ascorbic acid as the spring- 
summer plants. The relative difference in size of the root systems is greater 
than that observed in the younger plants of the first test. A pronounced 
difference in the total and percentage ascorbic acid values and only a slight 
variation in green weight in the leaves of the two groups of plants is to be 
noted. 

Some of the plants in the November-December test were grown under a 
cheesecloth screen which reduced the light intensity about 50 per cent. On 
January 12, when the plants were 8 weeks old, tests were made to determine 
the ascorbic acid values of successive leaves of the shaded and unshaded 
plants. The data thus obtained are shown in table 3 together with the results 
of similar assays of the leaves of the plants tested on May 19. 

The leaves of the winter plants contained 57 per cent as much ascorbic 
acid expressed as absolute amount and 48 per cent as much on a green 

Table 3. Ascorbic acid content of leaves of plants grown in normal and reduced intensity 
of daylight and at different seasons 



Eight'Week-old plants tested Jan. 12 

Eigbt-weekold 
plants tested 

May 19 

Plants grown in 
daylight of normal 
intensity 

Plants grown 
in partial 
shade 

Mg./Plt. 

Mg./G. 

Mg./Plt. 

Mg./G. 

Mg./Plt. 

Mg./G. 

First (oldest) 

leaf 

0.47 

0.46 

0.30 

0.39 

0.43 

0.91 

Second 

i i 

<i 

0.66 

0.43 

0.35 

0.30 

1.21 

1.02 

Third 

< t 

i t 

1.11 

0.47 

0.51 

0.32 

1.99 

1.04 

Fourth 

( ( 

i t 

1.49 

0.47 

0.77 

0.38 

3.21 

1.07 

Fifth 

( t 

1 1 

1.69 

0.51 

0.93 

0.38 

3.26 

1.10 

Sixth 

< i 

i t 

1.67 

0.47 

0.96 

0.38 

2.75 

1.04 

Seventh 

i ( 

( i 

1.60 

0.49 

0.97 

0.37 

2.86 

1.16 

Eighth 

t < 

< ( 

1.43 

0.68 

1.04 

0.48 

2.32 

1.19 

Ninth 

( t 

(t 

0.83 

0.94 

0.55 

0.63 

1.10 

1.66 

Total 



10.94 

0.62 

6.37 

0.39 

19.13 

1.09 
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weight basis as did those of the spring-summer plants. Shading of the winter 
plants caused a reduction of approximately 42 per cent in total ascorbic 
acid and a 25 per cent lower value on a percentage green weight basis. 

2. Effect of Varying Intensities of Light. Further studies were con- 
ducted to determine the effect of varying light caused by changing weather 
conditions on ascorbic acid accumulation. Twelve-day-old plants grown in 
normal daylight were assayed for ascorbic acid on April 4 at 2 : 00 p.m. At 
approximately the same time on the next day cultures from the following en- 
vironments were assayed : normal light intensity, normal light reduced about 
75 per cent by a cheesecloth screen, such partial shade cultures which had 
been transferred to full daylight 24 hours previously, and normal daylight 
cultures transferred to darkness 20 hours previously. As indicated in table 4, 
approximately similar procedures were followed on the next two days. 

The plants grown under reduced light intensity contained only 40 per 
cent as much ascorbic acid on the basis of absolute amount as those grown 
in normal light and 59 per cent as much on a green weight basis. The greatest 
effect of the difference in light intensity was found in the leaves and least 
in the stems. Exposure of the shaded plants to normal daylight for twenty- 
four hours caused an increase in the total ascorbic acid, most of the increase 
being in the leaves. Exposure to normal daylight for two days following 
partial shading i^esulted in a 55 per cent higher value for the absolute 
amount than was found in similar plants left in the shade. At this time a 
20 per cent higher total value in the roots and a 24 per cent higher total 
value in the stems was found in the more highly illuminated plants. Keep- 
ing the plants in darkness for twenty-four hours previous to assaying re- 
sulted in losses of the vitamin of approximately 15 per cent. The data indi- 
cate that all parts of the plant were involved in the decrease. Plants grovm 
in daylight of normal intensity and transferred to the low intensity chamber 
forty-eight hours before assaying had an 11 per cent lower total ascorbic 
acid value on April 6 and others a 24 per cent lower value on April 7 than 
similar plants left in normal daylight. The lower value of the normal plants 
on April 6 was associated with very cloudy weather. Presumably at the time 
of assaying complete recovery from the metabolic loss of the previous night 
had not occurred because of the weak light (Reid 1941). 

3. Comparative Effects of Differences in Light Intensity and Length of 
Day with and without Additional Nitrogen. An experiment was con- 
ducted in March in which environmental variations were employed, simulat- 
ing in some respects the normal seasonal changes in light intensity and 
length of daily period of illumination. Thirty-six cultures of ten plants each 
were prepared, nine of which were placed under each of the four following 
experimental conditions : 
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Table 4. Variations in growth and ascorbic acid content of young cowpea plants in rela- 
tion to variations in conditions of illumination 


Conditions 

during 

growth 


Green Wt. 
(g-) 

Ascorbic Acid 
(mg-) 

Ascorbic Acid 

(nig-Zg-) 



April 4 — Very bright 


12 days 

Entire Plant 

2.56 

1.070 

0.418 

normal 

Stems 

0.37 

0.081 

0.215 

daylight 

Hoots 

1.52 

0.293 

0.193 

Leaves 

0.675 

0.696 

1.031 



April 5 — ^Vcry bright 


13 days 

Entire Plant 

2.78 

1.280 

1 0.460 

normal 

Stems 

0.37 

0.101 

1 0.277 

daylight 

Roots 

1.68 

0.347 

0.253 

Leaves 

0.728 

0.832 

1.143 

12 days 

Entire Plant 

2.58 

0.904 

' 0.346 

normal 

Stems 

0.37 

0.069 

0.187 

daylight, 

Roots 

1.51 

0.245 

0.162 

1 day in 
darkness 

i Leaves 

0.703 

0.590 

0.839 

13 days 

1 Entire Plant 

1.88 

0.510 

0.271 

weak 

i Stems 

0.45 

0.068 

0.151 

daylight 

Roots 

0.83 

0.156 

0.187 

Leaves 

0.596 

0.286 

0.480 

12 days 

Entire Plant 

1.97 

0.570 

0.289 

weak 

Stems 

0.49 

0.073 

0.150 . 

daylight, 

Roots 

0,84 

0.358 

0.188 

1 day 

normal 

daylight 

Leaves 

0.640 

0.339 

0.530 


April 6 — Very cloudy 


14 days 

Entire Plant 

2.66 

1.079 

0.406 

normal 

Stems 

0.38 

0.095 

0.245 

daylight 

Roots 

1.60 

0.314 

0.196 

Leaves 

0.678 

0.670 

0.988 

12 days 

Entire Plant 

2.79 

0.818 

0.258 

normal 

Stems 

0.40 

0.077 

0.193 

daylight, 

Roots 

1.70 

0.291 

0.171 

2 days 

weak 

daylight 

Leaves 

0.692 

0.450 

0.650 

14 days 

Entire Plant 

2.24 

0.456 

0.203 

weak 

Stems 

0.54 

0.066 

0.122 

daylight 

Roots 

1.00 

0.169 

0.168 

Leaves 

0.696 

0.222 

0.319 

12 days 

Entire Plant 

2.21 

0.710 

0.322 

weak 

Stems 

0.55 

0.082 

0.148 

light, 

Roots 

14)0 

0.203 

0.203 

2 days 
normal 
daylight* 

Leaves 

0.664 

i 0.425 

1 

0.640 
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Table 4 — {Continued) 


Conditions 

during 

growth 


Green Wt. 
({?•) 

Ascorbic Acid 

(n>g-) 

Ascorbic Acid 

(n»g-/B-) 



April 7 — Very bright 


15 days 

Entile Plant 

2.92 

1.104 

0.365 

normal 

Stems 

0.41 

0.099 

0.241 

daylight 

Roots 

1.81 

0.345 

0.191 

Leaves 

0,700 

0.660 

0.943 

15 days 

1 Entire Plant 

2.39 

0.533 

0.223 

weak 

Stems 

0.55 

0.068 

0.124 

daylight 

Roots 

1.16 

0.175 

0.155 

Leaves 

0.678 

0.290 

0.428 

15 days 

Entire Plant 

2.90 

0.978 

, 0.339 

normal 

Steins 

0.41 

0.108 

0.263 

daylight, 

Roots 

1.82 

0.307 

' 0.168 

2 days 
w (‘ak 
daylight 

Leaves 

1 

0.676 

0.563 

0.833 

1 

14 days 

1 Entire Plant 

* 2.75 

0.924 

0.336 

normal 

Stems 

0.38 

0.081 

0.213 

daylight, 

Roots 

1.69 

0.300 

0.176 

1 day 
darkness 

J^eaves 

‘ 0.676 

0.543 

0.803 


a Last day was clouds 


1. Normal intensity and normal length of day. 

2. Short day. Daily illumination period of seven hours. Frame covered 
Avith black sateen placed over plants at 4 : 00 p.m. and removed at 9 a.m. 

3. Long Day. Daily illumination period of seventeen hours. 150 watt 
Mazda lights placed 30 inches above the plants were on from 5: 00 to 11 ; 00 
p.m. 

4. Partial shade. Plants were placed under a frame covered with cheese- 
cloth which reduced the normal light intensity in the greenhouse by about 
65 per cent. 

On the tenth day and each day thereafter a complete nutrient** solution 
was applied. The ascorbic acid assays were begun on the third day when the 
primary leaves were emerging above the surface of the sand. Roots, stems, 
and leaves Avere analyzed separately. Leaf areas were also determined. Plants 
grown under the different environmental conditions were prepared for the 
tests at 11 : 00 a.m. 

Reducing the light intensity during the month of March had a much 
more marked effect upon ascorbic acid values than did lengthening or 
shortening the daily period of illumination. During the time of partial de- 
pendence of the seedlings upon the stored food reserves in the cotyledons, 

3 The mineral elements were present in the following concentrations (p,p jn,) : N = 90, 
P = 45, K = 75, Ca = 40, Mg = 20, S = 36, Cl = 68, re = 2.5, Mn = 0.1, B = 0.1, Zn = 0.1. 
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that is up to and including the fifth day, variations in light intensity or in 
length of the daily period of illumination had less influence than after the 
plants became more nearly independent. The total ascorbic acid per plant 
at successive stages of development under each of the four environmental 
conditions is shown in figure 1 and the green weights of the plants in fig- 
ure 2. 



DAYS 




Fia. 1. Total ascorbic acid content of young cowpea plants grown under different 
conditions of illumination. The lower points on the curve on the fourteenth day represent 
the ascorbic acid values exclusive of the compound leaves and the upper points the values 
with the compound leaves included. Fio. 2. Green weights of young cowpea plants grown 
under different conditions of illumination. Fio. 3. Green weights and total ascorbic acid 
in young plants, some grown with (+) and some without (~) added nutrients. 
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. From the seventh to the tenth days inclusive there was a lag in ascorbic 
acid accumulation under each of the four conditions of illumination. There 
was also a decrease in the rate of growth apparent on the seventh or eighth 
days, continuing to the tenth day. A pronounced lag in growth and ascorbic 
acid accumulation at this stage of development has also been noted in previ- 
ous experiments in plants grown without added nutrients and a slight 
retardation in ascorbic acid increase even in well fertilized plants (Reid 
1941). 

The (total) ascorbic acid of the short-day and partially shaded plants 
remained practically constant from the seventh to the tenth days ; whereas, 
the results suggest a loss from the normal and long-day plants on the tenth 
day (Reid 1941). No determinations were made on the ninth day. The appar- 
ent losses followed two days of very cloudy weather. There is a suggestion 
here, as there also has been in previous tests, that metabolic losses of ascorbic 
acid during periods of darkness are greatest in plants which have been most 
active photosynthetieally during the immediately preceding periods of illu- 
mination. 

Microchemical examination of the tissues revealed that the normal- and 
long-day plants had accumulated considerable starch and free-reducing 
substances, those of the short-day plants somewhat less, and those of the 
shaded plants relatively little. The internal symptoms of the normal- and 
long-day plants suggested that a state of nitrogen deficiency was develop- 
ing. On the eleventh day, following the application of nutrient solution on 
the tenth day, a definitely higher ascorbic acid content and a stimulation of 
growth were found in these plants. An appreciable gain in ascorbic acid was 
not evident until a day later in the short-day plants. The addition of nutri- 
ents appeared to cause a depression in the total amount of ascorbic acid in 
the shaded plants for two days immediately following application of the 
solution. Between the twelfth and fourteenth days, however, a very rapid 
gain occurred. This was caused chiefly by the rapid development of the first 
set of compound leaves. The ascorbic acid values on the fourteenth day, with 
and without inclusion of the 'compound leaves, may be observed in figure 1, 
the lower points on the fourteenth day representing the values without the 
compound leaves and the upper points the values with the compound leaves 
included. A more rapid development of the first set of compound leaves was 
observed in the shaded plants than in the other groups. This tendency 
toward a somewhat more rapid initiation and development of leaves has 
be6n noted previously in plants grown in light but under conditions allow- 
ing a relatively slow rate of carbohydrate synthesis (Reid 1930). 

In other tests conducted at a time of year when light conditions were 
similar to those of the preceding test no nutrients were added but nodules 
were allowed to develop on the roots. The apparent availability of nitrogen 
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was soon reflected in an increase both in growth and in total ascorbic acid 
similar to the responses to nutrient solution. The results of one of these tests 
are shown in figure 3. The plants which had received nutrient solution since 
the third day (the time of emergence above the sand) were much larger on 
the fifteenth day than the plants which received no nutrient solution. No 
assaj’^s were made between the tenth and fifteenth days. Doubtless, if daily 
determinations of ascorbic acid in the plants grown without added nutrients 
had been made during this period, the curve would have continued in the 
horizontal direction for some time after the tenth day and, as nitrogen be- 
came available, would then have risen more steeply than is represented in 
the graph. The results of this experiment suggest that the stimulatory effect 
on growth and ascorbic acid synthesis noted after application of a complete 
nutrient solution to very young plants is caused chiefly by the* added nitro- 
gen. The addition of nutrient solution lacking in other elements^ such as 
phosphorus, potassium, calcium, and magnesium have not produced definite 
differences in the total ascorbic acid in plants at such an early stage of 
development. Apparently these elements become limiting factors both in 
growth and in ascorbic acid synthesis at later stages than does nitrogen. 

Reducing the light intensity resulted in a greater spread of the leaf blade 
which became evident as early as the fifth day, later becoming more pro- 
nounced. There were, however, no marked differences in the green weights 
of leaves of the four groups of plants. The greater thickness of the leaves 
of the plants grown in normal daylight as compared with the leaves of the 
shaded plants compensated in weight for the smaller areas of blades of the 
former. On the fourteenth day the primary leaves of plants grown in day- 
light of normal intensity both under normal- and long-day conditions con- 
tained 0.019 mg. of ascorbic acid per square centimeter of leaf surface 
whereas those of the shaded plants contained only 0.007 mg. per square 
centimeter and those of the short-day plants 0.016 mg. The thicker leaves 
of the plants grown in daylight of normal intensity contained a larger num- 
ber of chloroplasts per unit area of tissue than the thin leaves of the shaded 
plants, a difference which undoubtedly has a determining influence upon 
the ascorbic acid concentration per unit area of mesophyll surface. There is 
considerable evidence that ascorbic acid synthesis is associated with the 
functioning of the chloroplasts (Geitler 1922; Girond, Leblond, and Rat- 
simanga 1934; Gautheret 1935; Wider 1936; Weber 1936; Dischendorfer 
1937; Pekarek 1938; Weier 1938; Bukatsch 1940). Tests made with very 
young cowpea leaves, before there is much development of the mesophyll, 
have shown that the ascorbic acid content is about the same as that of the 
young portion of the stem ; but with development of the mesophyll under 
favorable light conditions there is an increase of several hundred per cent 


^ Unpublished data. 
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per unit of weigrht. For example, younp: leaves from the seventh node which 
were enclosed within bud scales but with tips emerf^inj^ yielded values of 
0.22 mj?. per gram; whereas those at the sixth node which were expanding 
after emergence from the bud scales contained 1.31 mg. per gram. 

The partially shaded plants of the present experiment had longer, 
heavier steins than those of the other three groups grown in daylight of 
normal intensity, but the ascorbic acid values tended to be somewhat lower, 
the differences increasing as the plants became older. Toward the end of the 
experimental period, when the first set of compound leaves Avas developing, 
tlie differences were iironounced. Somewhat lower values were observable 
also in the short-day as compared with the normal and long-day plants in 
the latter portion of the test period. 

The ascorbic acid values for the roots of the different groups of plants 
varied in the same directions as did those of the stems, low intensity being 
the only one of the four conditions causing marked differences. For example, 
the roots of normal-, short-, and long-day plants respectively contained 0.34, 
0.25, and 0.31 mg. of ascorbic acid on the fourteenth day, whereas those of 
the shaded plants contained only 0.13 mg. 


'J’able 5. Sum marl/ of ri‘solt.s in the preceding experiments on the relation of light 
intensitg to ascorbid acid accumulation 



Experiment 

1 

2 

3 

4 

5 


o 

io 

Total (Mj;. j)er 
plant) 




0.510 


CO 


Mg./G. ill leaves 



0.390 

0.403 


O' 

O 

o 

lO 

Total (Mg. per 
plant) 





0.420* 

g 

’x 

CO 

Mg./G. in leaves 






o 

gH 

cT 

00 

.3? 

5000 

Total (Mg. per 
plant) 

Mg./G. in leaves 


0.519 

0.520 



*« 

a 

M 

o 

o 

o 

Total (Mg. jier 
plant) 

0.807 





+-• 

bc 


Mg./G. in leaves 

0.660 





‘►3 

a 

p 

a 

o 

o 

o' 

r-l 

1 

Total (Mg. per 
plant) 

1.284 



1.280 

1.090* 

s 

1 

o 

© 

o 

o 

Mg./G. in leaves 

1.034 

1.108 

1.090 

1.015 

1.143 


« These values are somewhat low, because the nutrient solution was not added until 
the plants were ten days old. Total values in experiments 2 and 3 cannot be compared 
with the others because the plants were much older. 
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Table 5 shows the ascorbic acid content (mj?./g.) of the leaves of the 
plants employed in the previous experiments for which different light in- 
tensities prevailed. The values for the latter represent approximately the 
maximum intensities found during the course of the experiments. A compari- 
son of the total quantity of vitamin C of plants grown under different light 
intensities cannot be made in experiments 2 and 3 because the plants were 
eight weeks old as compared with fourteen- and fifteen-day-old plants in the 
other three tests. A relation between light intensity and both absolute and 
percentage content of ascorbic acid is clearly indicated but further tests 
using more refined methods are required to determine exact quantitative 
relationships. 

DISCUSSION 

The data herein presented afford an insight into some of the more com- 
mon causes of variation in the vitamin C content of green plants. The dif- 
ferences in light factors characteristic of different seasonal and weather 
conditions are of importance. It should be emphasized that these results 
were obtained chiefly with young seedlings w^hich are known to be very 
sensitive to differences in light intensity. It is quite possible that the length 
of day factor would have a greater influence in older cowpea plants or in 
other types of plants. An investigation of the ascorbic acid relations in plants 
whose reproductive period is determined by length of day would be of s})e- 
cial interest. It is recognized that reducing the average light intensity of 
plants grown in March, April, and May to approximate the average inten- 
sity in December by the methods herein employed afford at best only a crude 
approach toward natural climatic conditions. 

The present results are in general agreement with those of Sugawara 
and Moldtmann in showing that the ascorbic acid content of plants increases 
with increasing light intensity and they also suggest that the relationship 
may not be linear. Sugawara and Moldtmann have shown that differences 
in illumination at the lower intensities produce relatively greater differ- 
ences in ascorbic acid synthesis than similar differences in the higher inten- 
sities. This is also the now generally accepted view^ of the relation between 
variations in light intensity and the rate of carbohydrate synthesis. 

The question of the relative importance of light intensity and the total 
amount of light in influencing ascorbic acid synthesis is still unsettled. 
Light intensity is of great importance, in part, because of its effect upon the 
structural development of the leaf with respect to the organization and 
depth of the palisade tissue, thereby affecting the number and distribution 
of the chloroplasts. It may also be essential for the synthesis of a protein- 
like constituent contained within the latter. However, we do not yet know 
whether its chief importance consists in the formation of these structural 
elements or whether it is mainly concerned in their functioning. If it is 
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important in connection with the former, then a time factor in ascorbic acid 
synthesis may be of major importance. For example, an etiolated seedling 
placed in darkness as in Sugawara’s experiments would tend to function 
slowly in ascorbic acid synthesis until an increase occurred in some other 
constituent, supposedly originating in the chloroplasts. 

The results of the present tests and those of other workers suggest the 
possibility of a functional relationship between the synthesis of ascorbic 
acid and that of carbohydrates. It is possible that the product of one of 
these two types of synthesis may result from that of the other but the ques- 
tion remains as to which, if either, takes precedence. It is possible, on the 
other hand, that these substances may be simultaneous products of chloro- 
pla.stic activity. 

Previous studies (Reid 1930, II) have shown the importance of light 
and the necessity of a supply of nitrogen for the synthesis and maintenance 
of a plasmatic constituent of the chloroplasts. Since evidence suggests that 
the chloroplasts are the structures mainly concerned in the formation of 
ascorbic acid, an increased rate of synthesis when nitrogen is supplied to 
nitrogen-depleted plants is not surprising. 

The data suggest that if a plant is grown under light conditions which 
liermit a rapid synthesis of carbohydrates, ascorbic acid synthesis will be 
rapid also. If there is a deficiency of nitrogen, carbohydrates tend to accu- 
mulate, not so much because more are produced as because utilization is re- 
tarded. Under these conditions ascorbic acid may increase very slowly at first, 
and then will cease to accumulate as the deficiency becomes more pronounced. 
The evidence so far is inconclusive as to whether an abundance of nitrogen 
during periods of limited illumination is a depressing factor for the content 
of ascorbic acid as it is known to be for carbohydrates. At least it seems 
clear that high soil fertility with reference to nitrogen is conducive to vita- 
min C production only when light conditions allow synthesis of an ample 
supply of carbohydrates. On the basis of Puhrmeister’s (1937) and Kessler’s 
(1939) work a very high nitrogen supply may actually be detrimental. 
Further study is required to determine conclusively to Avhat extent such 
harmful effects may be overcome by increasing the amount of light. 

These results suggest that weather conditions should be considered in 
determining the time for harvesting fruits and vegetables. Other expei'i- 
ments which will be described in detail elsewhere have shown that time of 
day is also important, especially for vegetables of leafy types. Considera- 
tion of these factors may be of special value in timing the selection of 
material for canning. 

SUMMARY 

High daylight intensity and medium to long days are conducive both 
to high absolute and high percentage ascorbic acid values in cowpea plants; 
whereas low intensity and short days have a depressing effect. 
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Seasonal variations, attributable to differences in conditions of illumina- 
tion were found in the absolute and percentaf?e content of ascorbic acid. 

With differences in li^ht intensity of 65 per cent and in length of the 
illumination period with normal daylight of 42 per cent, lip:ht intensity was 
found to have a greater influence than length of day. Lengthening the day 
with weak light (Mazda) to 17 hours so as to produce an 80 per cent increase 
in day length did not produce increases as great as a 65 per cent increase in 
light intensity. 

Shifting ascorbic acid values were found as a result of environmental 
alterations such as occur under changing weather conditions. The varia- 
tions are noted first in the leaves and somewhat later in the roots. 

A sufficient supply of available nutrients with special reference to nitro- 
gen is also conducive to high ascorbic acid values, particularly as*" to the total 
Cjuantity, provided light conditions are such as to permit the synthesis of an 
ample supply of carbohydrates. It is suggested that the special relation of 
nitrogen to ascorbic acid formation in a green plant is dependent upon the 
necessity of this element for the synthesis and maintenance of the plasma 
content of the chloroplasts. 

It is suggested that weather conditions involving varying intensities of 
light should be considered in determining the time for harvesting fruits and 
vegetables. 

Division of Chemotherapy 

National Institute of Health 
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THE RELATION BETWEEN XYLEM THICKENINGS IN PRI- 
MARY ROOTS OF VICIA FABA SEEDLINGS AND ELON- 
GATION, AS SHOWN BY SOFT X-RAY IRRADIATION 

O. P. Smith and II. Kersten^ 

Previous studies on the root structure of Vida faha seedlings grown 
from x-rayed seeds reported modifications in the secondary wall thickenings 
of the xylem elements (6). One observation indicated an alteration in the 
normal sequence of secondary wall thickenings including the annular, spiral, 
scalariform and pitted types. In the roots of these treated seedlings, very 
prominent pitted vessels occurred slightly above the apical meristem with 
only an occasional spiral or scalariform element in some specimens. 

Morphology texts such as those of Jeffrey (2) and Haber landt (1) dis- 
cuss the relationship between these vessel types and the extent of elongation 
ill the stem or root. A more complete study of this point is given in an early 
work of Stover (7) on the vascular anatomy of Calamovilfa longifolia. In it 
he maintains that the vessel types are the result of elongation. His observa- 
tions indicate that annular and spiral xylem elements, which are rarely 
Xiresent in the rhizome of Calamovilfa because of the failure of internodal 
elongation, are present in the rapidly elongating aerial stems, as are also 
the later formed reticulate and pitted elements. 

It is further imxilied by Stover, that the first thickening of a desmogen 
cell is of the jiitted type, being laid down in the arrangement of a pitted 
cytojilasmic cell lining, the latter being a result of a cellular vacuolation 
which occurs early in the development of young cells of desmogen strands. 
After the formation of the original pitted thickening, division and elonga- 
tion of surrounding parenchymatous cells causes it to be torn apart and to 
form annular, spiral, scalariform, or pitted arrangements, depending upon 
the extent of stretching. Consequently a pitted vessel of the metaxylem 
remains as such if the surrounding cells are no longer dividing or enlarging. 

If the extent of elongation, therefore, determines the type of wall thick- 
ening of the xylem elements, variations in both of these factors in the roots 
of seedlings germinated from x-rayed seeds ought to show some relation- 
ship. On this basis, together with the fact that, within limits, the extent of 
elongation of the primary roots of plants grown from x-ray treated seeds 
decreases as the dose of irradiation increases, it seemed likely that a study 
of a series of Vida faha primary roots with successively less elongation cor- 
related with increasing x-ray irradiation might contribute information on 

1 The cost of publication of the figures was borne in part by the Department of 
Physics of the University of Cincinnati. 
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the relationship existing between the types of vessel secondary wall thick- 
ening and total elongation. 

METHODS 

The soft x-ray apparatus used here and the general character of its 
radiation have been described previously (3, 4). Dry Vida fdba seeds were 
placed with their hila toward the source of radiation in small glass dishes 8 
cm. from the focal spot of the x-ray tube. The tube was operated at 30 peak 
kv., and 10 ma. Exposure times included 0, 15, 30, 60, 90, and 120 minutes. 



Fig. 1. Decreasing root lengths of S day-old Vicia faba seedlings grown from seeds 
x-ray irradiated at 30 kv., and 10 ma. for 0, 15, 30, 60, 90, and 120 minutes. 


After irradiation, the seeds were soaked for 5 hours and later germi- 
nated in moist peat moss at 25° C. Material for histological studies was 
collected after five days, when the seedlings germinated from the seeds 
exposed for 120 minutes displayed the characteristic cessation of growth 
associated with the “delayed killing” effect in seedlings from x-ray irradi- 
ated seeds, as described by Maxwell (5). Primary roots of 50 .seedlings of 
each experimental lot were prepared for microscopical study with standard 
methods of microtechnique. 

In studying the histological developments in seedlings grown from x-ray 
treated seeds, it is necessary to prepare and observe a great quantity of 
sections because of the resulting irregularity in arrangement and formation 
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of tissues. Consequently the longitudinal sections used as illustrations in 
this paper are not medial throughout their entire extent, but they approach 
this position as nearly as possible, and the developments indicated represent 
data from several hundred slides. 

observations 

Figure 1 indicates the extent of primary root elongation in seedlings 
grown from seeds which had been exposed to soft x-rays for periods of 0, 15, 
30, 60, 90, and 120 minutes. The characteristic decrease in root length with 
increasing doses of x-ray irradiation is shown. The average primary root 
lengths, including the hypocotyl, of seedlings of each lot, are listed in 
Table 1. 

TABLE 1 


Time of exposure to x-rays in minutes 

0 15 30 60 

90 120 

Average length of primary root 

in centimeters 8.0 5.8 5.0 4.0 

3.6 3.0 


The failure of lateral root formation related to x-ray treatments of seeds 
is also observed. A discussion of this has already been given (6). 

Medial longitudinal sections of the root tips of these seedlings, showing 
types of secondary wall thickenings of the xylem elements, are illustrated 
in figures 2-7. Figure 2 shows the occurrence of the vessel elements and the 
order of their formation in normal primary roots of Vida fahn seedlings. 
The relative range of prominence of each vessel type, as it appears in the 
roots of the seedling groups studied, is diagrammed in figure 8. 

In examining longitudinal root sections of the seedlings germinated 
from x-ray irradiated seeds, the most evident modification of the normal 
arrangement is the appearance of large pitted vessels in the most distal 
part; vessels of other ty|)es arc found in the earlier formed regions above 
(figs. 3-7). If pitted vessels are associated with the least elongation of the 
structure in which they are forming, as is suggested by Stover, and if types 
formed before these indicate more extensive elongation, one is led to assume 
that the appearance of elements related to least elongation during later 
, development indicates a decline in growth so far as elongation is involved. 

This implication becomes plausible when one considers the phenomenon 
of “delayed killing’^ or growth cessation (5) which occurs in seedlings from 
seeds given a medium dose of x-rays. After an apparently normal oiiset of 
germination, inasmuch as the radicles appear beyond the cotyledons at ap- 
proximately the same time in both control and treated seedlings; there is a 
progressive decline in rate of elongation resulting ultimately in death. The 
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Pio. 2. MeOjal longitudinal root tip section of a normal Ftcta faha seedling showing 
the occurrence* of vessel types, x 40 and 675. 
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Fia.’a. Medial longitudinal root tip section of a r»c«o /ol>o awdUng grown from a 
seed X ray irradiated at 30 kv., and 10 ma. for 15 minutes, x 20 and 675. 
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Fig. 4. Medial longitudinal root tip section of a Vida faba seedling grown from a 
seed x-ray irif^diated at 30 kv., and 10 ma. for 30 minutes, x 20 and 075. 
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Fig. 3, Medial longitudinal root section of a Vicui faba seedling grown from a seed 
x-ray irradiated at 30 kv., and 10 mn. for 60 minutes, x 20 and 675. 


srjg-aasaiisi 





Fi0. 6. Medial longitudinal root tip section of a Vida fata seedling grown from a 
seed x-raj ii^adiated at 30 kv., and 10 ma. for 90 minutes, x 20 an^ 675. 
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Fiq. 7. Medial longitudinal root tip section of a Ftcta faha seedling grown from a 
seed x-ray irradiated at 30 kv., and 10 ma. for 120 minutes, x 20 and 676. 
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0 15 30 60 90 120 

MINUTES OF IRRADIATION 


Fio, 8. Diagram showing the order and relative range of vessel types in the root tips 
of control Vicm faba seedlings and of seedlings grown from seeds x-ray irradiated at 30 
kv., and 10 ma. for 15, 30, 60, 90, and 120 minutes. 

total extent of elongation and the length of their germination period before 
subsequent decline are dependent upon the magnitude of the x-ray treat- 
ment. They are found to decrease with increasing treatments. It seems justi- 
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liable to proceed further and to associate histological data with these external 
observations. 

It would be expected that indications of decline in extent of cellular 
elongation in the roots would appear first in the most recently formed ves- 
sels. This is observed in all seedlings from the x-ray treated seeds ; in them, 
portions of the root tip have become completely permanent in aspect by the 
increasing presence of xylem elements with pitted secondary wall thicken- 
ings. The effect is found to become more pronounced with higher x-ray 
treatments. It is very prominent in the root tip sections of seedlings grown 
from seeds irradiated for 60, 90 and 120 minutes (figs. 5, 6, 7). It seems 
quite possible, therefore, that there is a relationship existent between the 
decreasing total elongation of the apical portions of the root and the lignifi- 
cation of desmogen cells going on at that time. 

In these roots, it is observed that the inner walls of the young desmogen 
cells, show an immediate pitted lining of cytoplasm (figs. 3A, 4A), which 
with subsequent secondary wall thickening, forms the initial pitted vessel 
character. The fact that this pitted wall thickening is maintained can be 
related to the arrested elongation of surrounding cells. 

The occurrence of pitted vessels in the tips of roots of seedlings grown 
from x-ray treated seeds, may therefore be interpreted as indicating a 
l)eriod of declining growth so far as it includes elongation, and as portray- 
ing the time of initiation of this decline by the extent of these pitted ele- 
ments upward from the root apice. This suggests a turning point in normal 
elongation during the early part of germination to a decline resulting 
finally in a growth cessation. In the seedlings from seeds irradiated for 120 
minutes, growdh cessation as recognized by the failure of a further increase 
in length was apparent when the material was taken for histological exami- 
nation, so that in them it is possible to inspect the extent of elongation dur- 
ing early germination and growth decline before “delayed killing’’ based 
on the types of secondary wall thickenings of the xylem elements. Other 
seedlings throughout the dose range of x-rays selected represent conditions 
further removed from “delayed killing” as the treatment was decreased. 
All, however, show similar indications of a decrease in extent of cellular 
elongation by the presence of pitted wall thickenings in the most recently 
formed xylem elements. This information is diagrammed in figure 8. 

The manner of elongation in the roots of the treated seedlings indicated 
in normal elongation and in decline of elongation is also shown in the dia- 
gram. Normal elongation is recognized by the formation of the annular, 
spiral, scalariform and pitted vessels, as they may be, in the upper portion 
of the elongation region. Growth decline, climaxing with cessation of growth, 
based on the failure of further increase in length, is observed by ihe pres- 
ence of pitted vessels in the lower part of the region of root elongation. The 
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extent of normal growth is found to decrease, and the extent of growth 
decline is found to increase, with increasing x-ray treatments. 

The observations are briefly summarized in the following paragraphs : 

1. Normal Vida faba seedlings (fig. 2). Vessel formation starts with 
vacuolation of desmogen cells, causing the cytoplasm to form a pitted lining 
on the inner cell wall (fig. 2, A). The first vessel secondary wall thickening is 
annular, which is followed basipetally by spiral, scalariform, and pitted 
formations. These are considered to be related to the extent of elongation 
taking place in the region of the root in which they are being formed ; an- 
nular and si)iral in the region of rapid elongation, and scalariform and 
pitted in regions of slight elongation. 



Fig. 9. Modifications about the root tip meristem in seedlings grown from seeds x-ray 
irradiated at 30 kv., 10 ma., for 120 minutes. A. Extensive lignification with cavities con- 
taining giant nucleus-like structures. x450. B. Enlargement of a structure shown in A. 
X about 1000. 

2. Seedlings grown from seeds irradiated for 15 minutes (fig. 3). In the 
roots of these seedlings above the pitted vessels of the tip, a region of des- 
mogen strands is present but is less extensive than that observed in control 
roots. The first vessel type is represented by a few annular elements. Spiral 
and scalariform thickenings are far more abundant, and are followed by a 
prominent region of larger pitted vessels. 

3. Seedlings grown from seeds irradiated for 30 minutes (fig. 4). Above 
the pitted vessel present in the lowermost portion of the region of elonga- 
tion, desmogen cells with vacuolated cytoplasm are evident, but these are 
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rapidly followed by spiral vessels with scalariform and pitted elements 
appearing: in |^ions above. No annular vessels are observed. 

4. Seedlings grown from seeds irradiated for 60 minutes (fig. 5). In 
roots of these seedlings few desmogen cells are found above the pitted ves- 
sels in the tip. Thickenings of the scalariform type ai)pear very rapidly, 
and a great prominence of pitted vessels are found above. Annular and 
spiral elements are observed only occasionally in these roots. 

5. Seedlings grown from seeds irradiated for 90 minutes (fig. 6). The 
region of pitted vessels is very pronounced and extends upward in these 
roots for approximately 6.5 mm. This is followed by a few desmogen strands 
which soon show wall thickenings of the scalariform type. These, however, 
are considerably less in number than in preceding lots. The pittexl vessels 
appearing next are found throughout the remaining part of the region of 
root elongation. 

6. Seedlings grown from seeds irradiated for 120 minutes (fig. 7). The 
vessel type in roots of these seedlings is almost completely pitted; a few 
scalariform elements are found approximately 8.5 mm. from the tip (fig. 
8). Further inspection of these roots indicates a very extensive lignification 
of the tip, in which cavities are observed containing large structures which 
seem to represent giant nuclei. These structures are sho’s^m in figure 9, but 
no explanations are attempted here. The very pronounced curling of the 
root tip appears characteristically in seedlings irradiated with this dose of 
x-rays. 

SUMMARY 

1. Itoots of Vida faha seedlings grown from unsoaked seeds irradiated 
with soft x-rays, show a decreasing total elongation as increasing doses of 
x-rays are employed. 

2. A histological study of such roots and of control roots affords ade- 
quate data to demonstrate experimentally that the type of wall thickening 
found in vessels is determined by the extent of elongation in surrounding 
tissues. 

3. After the onset of ‘‘delayed killing in seedlings grown from x-ray 
irradiated seeds, evidenced by a decline in growth as it involves elongation, 
only pitted vessels are formed. This is apparently related to a markedly 
decreased extent of elongation of cells surrounding the vessels. 

Departments op Botany and Physics, University op Cincinnati 
Cincinnati, Ohio 
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SOMATIC CHROMOSOMES OF ACONITUM NOVEBORACENSE 

AND A. UNCINATUM^ 

Dorothy J. Longacre 

The reduced chromosome number of Aconihim napclhis was reported as 
12 by Overton (7). Osterwalder (6), presumably working with the same type 
of material, also reported the haploid number for this species to be 12. Lang- 
let (4) reported the chromosome number for a series of aconites in which he 
listed the diploid number as 16. Since the basic number has been established 
as 8, it is evident that Overton and Osterwalder were dealing with triploid 
aconites and not with diploid plants. Afify (1) reported A. napcllus as a 
tetraploid having a chromosome number of 32. Schafer and La Cour (8) 
tabulated the chromosome number for the aconites of the blue-flowered group 
(Eu’Aconitum) as follows: diploids with 16 chromosomes, triploids with 24, 
tetraploids with 32, hexaploids with 48, and octoploids with 64. The diploid 
chromosome number of ^1. novehoracensc was reported by Bonisteel (2) 
as 16. 

The purpose of this study was to determine the chromosome number of 
the species of aconites which are indigenous to the Appalachian Mountains 
of the eastern United States. It was possible to obtain authenic material of 
only A. novehoracensc (Gray) and A. nncinatum (L). 

MATERIALS AND METHODS 

Dormant tubers of A. novehoracensc were collected along the Beaverkill 
in the Catskill Mountains in October 1940 and tubers of A. micinatum were 
obtained from E. C. Robbins, Ashford, N. C. The dormant tubers of both 
species were potted and maintained in a resting condition until January 
when growth was resumed. 

Root tips were fixed in Graf’s modification of Nawaschin Fluid, P.A.A., 
and 2 Be of Schafer and La Cour. All of these fixatives proved to be satis- 
factory but most of the material was fixed with the Graf modification. Sec- 
tions were cut from 10 to 15 microns thick and were stained by the iodine- 
gentian- violet technique and also by the iron-alum-hematoxylin methods. 
Warmke’s modification of Belling ’s aceto-carmine smear method was used 
on root tips. Aceto-orcein (0.5 per cent in 45 per cent acetic acid) was also 
used. It was found that smears made with aceto-orcein were clearer than 
those made with aceto-carmine. 

1 The writer wishes to express her appreciation to Professor Wm. J. Bonisteel for 
materials used in this study and to Professor C. A. Berger, S.J., for constructive criticism 
and suggestions. 
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The metaphase plates and idiograms were outlined and partially drawn 
by the use of the camera lucida. For finer details of chromosome structure 
the smears made with aceto-orcein proved to be the most satisfactory. The 
photomicrographs were made with an oil immersion lens at a magnification 
of 450 diameters and subsequently enlarged to 1350 diameters. 

OBSERVATION AND DISCUSSION 

Examination of fixed and stained preparations and of root tip smears of 
A. noveboracense and A. nncinaium proved that the diploid chromosome 
number in somatic tissues is 16. This confirms the results of previous workers 
(2, 4, 8) that the basic number for these plants is 8. There is no evidence in 
well fixed preparations of any variation in the chromosome number of indi- 
viduals of these species. It is assumed that the meiotic behavior of these 
plants is normal since they set seed freely in their native habitats. Seeds were 
also collected from the plants* growing in the greenhouse. 

In root tips of Sparks aconite, a triploid species, Bonisteel found the 
chromosome number of certain sectors to be twice the number of the normal 
somatic count. Schafer and La Cour also reported that the two diploid spe- 
cies, A. transsectum and a clone of A. vulparia, had tetraploid sectors pres- 
ent with diploid somatic tissue. The two species of plants under investigation 
were carefully examined for any sectors that would show an increase in the 
normal chromosome complement that might be due to a failure of spjudle 
formation and the subsequent production of sectors which are of chromo- 
somal chimeras. It is to be noted that the spontaneous origin of such sectors 
in normal somatic tissues might have a bearing upon the extended polyploid 
series of plants that occur in the normal range and distribution of the 
aconites. 

The somatic chromosomes of A. noveboracenne (2^ = 16) arc shown in 
figure 6 from an equatorial plate preparation at metaphase. The comparable 
chromosomes of A. uncinatum (2a = 16) are shown in figure 7. 

The total chromosome length of A. noveboracense was found to be 94.8 
microns and that of A. uncinatum to be 103 microns. The chromosome 
lengths recorded for the two species studied in this investigation agree with 
the findings of other workers. Schafer and La Cour calculated the total 
length of all chromosomes in the species that they studied and found that 
a difference exists between the chromosome length in the blue-flowered 
aconites (section Eu-Aconitum) and the yellow-flowered aconites (section 
Lycoctonum), They conclude from their studies that total chromosome 
length appears to give no clue to the systematic position of the aconites. The 
average chromosome length in the blue-flowered group listed by Schafer 
and La Cour was between 80.6 and 96.8 microns. A. noveboracense and A. 
uncinatum belong to the section Eu-Aconitum, The total chromosome length 
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Fig. 1. J, novehoraceriffe. Anaphase showing the satellites on chromosome 3. Smear 
method of Warmke and Belling. Aceto-orcein smear, x 1350. Fio. 2. A, novehoracense. 
Early anaphase showing one satellited chromosome and constrictions on the chromosomes 
that are in focus. Aceto-orcein smear method. x]350. Fig. 3. A, uncinatum. Early ana- 
phase showing constrictions at the spindle attachment region and secondary constrictions 
in both arms in chromosome 2. Aceto-orcein smear method, x 1350. Fig. 4. A, novehor- 
acense, Idiogram with one set of chromosomes. Fig. 5. A. 'uncinatum, Idiogram with one 
set of chromosomes. Fio. 6. A, novehoracense. Metaphase plate from root tip. Fixed in 
Craf and stained with iodine-gentian-violet. Fig. 7. A, uncinatum, Metaphase plate from 
root tip. Fixed in Craf and stained in iron-alum-hematoxylon. 
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of A, novehordcense bears out the findings of Schafer and La Cour but that 
of A. uncinatum is somewhat greater as reported here. 

When the idiogram of A, novehoracense (fig. 4) is compared with that 
of A. uncinatum (fig. 5) it is found that the chromosomes fall into a definite 
pattern in which 1, 2, 3, and 4 chromosomes from each species are character- 
ized by their extreme length in comparison with the three or four other chro- 
mosomes of each species which are much shorter. Only one set of chromo- 
somes is shown in figures 4 and 5. In novehoracense the chromosomes 
range in size from 12.9 to 1.2 microns, and in A, uncinatum from 9.2 to 3.2 
microns. The individual chromosome lengths are given in the following 
table ; 

Chromosome designated 1 234567 , 8 


A, novehoracense 12.9 7.2 6.7 6.5 5.6 4.0 3.3 1.2 microns 

A, uncinatum 9.2 9.1 8.8 8.2 4.4 4.4 4.2 3.2 microns 


As Longley (5) has pointed out, length measurements of chromosomes 
are exceedingly useful both for identification and for comparison, but they 
must be used with caution because of the uncertainty that chromosomes are 
in the same phase in ditferent cells. Moreover, the degree of chromosome con- 
traction varies with the kind of fixative used. 

The spindle attachment region varies from terminal or subterminal to 
median. Darlington (3) states that Aconitum and Aucuba are exceptional 
plants in having long attachment constrictions in place of the short con- 
strictions found in most plants. In chromosome 2 of A, uncinatum (fig. 3), 
as shown in smear preparations, the region of spindle attachment is ex- 
tremely long. The secondary constrictions are also longer than those nor- 
mally found. Darlington illustrates this type of constriction in aconite chro- 
mosome forms at mitosis. 

Satellites were found in both species of aconites studied. In A. nove- 
horacense one large satellite was found on chromosome 3 in figure 4 and 6. 
In late anaphase (fig. 1) the two satellites are shown while in figure 2 the 
same satellited chromosome is shown at an earlier stage. In A, uncinatum 
(fig. 5 and 7) one small satellite is illustrated on chromosome 8. Satellites 
were more clearly defined in smear preparations where the chromatin mate- 
rial was well spread. 

STTMMARY 

1. The somatic chromosome number of A. novehoracense and A. unci- 
natum is 16 (2n = 16) . 

2. Both A. novehoracense and A, uncinatum have 8 distinct types of 
chromosomes ; four of these are long and four are short. 

3. The extreme length of the secondary constrictions of A. novehoracense 
and A.jmcinatum confirm the reports of Darlington that aconites in general 
are characterized by longer secondary constrictions than most plants. 
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4. A. noveboracense has one chromosome with a satellite and A. unci- 
natum has one short chromosome with a satellite. 

5. The idiograms of A. noveboracense and A. uncinatum are compared 
as to chromosome size and shape. 

Biological Laboratories, Fordham University 

New York, N. Y. 
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STUDIES IN THE ERICALES: A NEW NAME IN BLUEBERRIES 

W. H. Camp 

It has recently been demonstrated that the low-jrrowing, glaucous, ever- 
green, eglandular blueberry of the Gulf Coast is a basic, archetype diploid, 
and that the species {Vaccinium myrsinites) with which it has long been 
associated as a variety is an allotetraploid derived only in part from this 
species. While this in itself is scarcely enough to warrant recognition of both 
as different species, the characters which separate the two are quite as good 
as those traditionally accepted by more cautious students between other 
species of the genus. It is admitted that plants may be found, especially in 
western Florida, wiiich seem to bridge the gap between V. myrsinites and 
this species. This, however, is primarily the result of a peculiar type of genic 
saltation within the allotetraploid F. myrsinites population. This phenome- 
non will be discussed in more detail in another place. Being preoccupied as 
a specific name in the genus, the name of the variety cannot be raised in rank. 
The following new name is therefore proposed : 

Vaccinium darrowi Camp, nom. nov. Vaccininm myrsinites var. ylau- 
cum A. Gray, Synop. FI. N. A. 2: 21. 1878. 

The species is named in honor of Dr. George M. Harrow of theFiiited 
States Department of Agriculture who has been actively interested in clari- 
fying the biological situation underlying those blueberries which are par- 
ticularly promising for breeding. It is due in great part to his efforts that 
we have learned of the genetic situation, not only in the present species 
under consideration, but in other and more perplexing Vaccinium popula- 
tions. 

The New York Botanical Garden 
New York 
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A NEW CAMPANULA FROM IDAHO 

Rogers McVauoh 

The mountainous areas of central Idaho are still relatively inaccessible 
and are, as a consequence, not well known botanically. It is therefore of 
peculiar interest that I am able to present evidence of the general occurrence 
in this region of a Campanula which appears to be endemic. The plant in 
question, so far as may be ascertained, is closely related to Campanula parryi 
A. Gray, which occurs in mountainous areas from southern Wyoming to 
northern New Mexico, west to southern Utah and northern Arizona. Al- 
though the known ranges of the two plants are not contiguous, the differ- 
ences betw’een them do not seem to be fundamental ones, and the Idaho plant 
may be designated as a variety of C. parryi} Typical Campanula patTyi 
may then be called var. parryi} 

Campanula parryi var. idahoensis McVaugh 

Plants p(U‘ennial, glabrous except for the bases of the leaves of vegetative 
shoots and those of the lowermost leaves of the flowering stems (hypanthium 
sometimes pubescent). Rootstocks slender, much branched, the branches 
terminating in rosette-like clusters of leaves from which arise in summer, by 
elongation of the axes, the flowering stems. Flowering stems erect, 0.5-1. 5 
mm. in diameter at base, often with strongly ascending branches, few-35 
cm. high, clustered from adjacent branches of the rootstock, usually one only 
arising trom each branch. i>eaves cauline and basal, few-I5 on each stem, 
the lower sometimes approximate. Uppermost cauline leaves usually bract- 
like, linear or narrowly elliptic, 0.3-1.0 (2) mm. wide, 2-10 (25) mm. long, 
entire, blunt or acute. Middle cauline leaves linear to lanceolate, elliptic, or 
oblanceolate, mostly 2-5 mm. wide, 2-5 cm. long, acute or blunt at tip, some- 
what narrowed or attenuate at base, entire or remotely and minutely callose- 
denticulate, the teeth usually not apparent to the unaided eye. Basal 
(rosette) leaves and lowermost cauline leaves elliptic, oblanceolate or occa- 
sionally obovate, rounded at tip, the base merely acute or attenuate and sub- 
petiolate; petiole-like bases (at least of the rosette leaves) with stiff white 
cilia on the margins. Blades of these leaves 3-12 mm. wide, 7-28 mm. long, 
including petiolar base, usually 2-3 (5) times as long as wide, often remotely 
denticulate but the teeth usually not apparent to the unaided eye. Margins 

1 Campanula parryi A. Gray, var. idahoensis McVaugh, var. nov., a planta typica 

foliis integris, lobis calycis niaturi 2-6 (raro 9) mm. longis intogris, pcdunculis termi- 
nalibus 0.2-1.5 (raro 5) cm. longis, corollis 9-15 mm. longia differt. Type: ** Swamp Lake, 
on trail from Kooskooska Meadows to Friday ^s Pass, Selway Forest, Idaho, 7000 ft.,’’ 
J, E. Kirkwood # J. W» Severy 1638, August 26, 3923 ; in the Herbarium of Montana State 
University, Missoula. * 

2 Campanula parryi A. Gray, var. parryi McVaugh, nom. nov. Campanula parryi A. 
Gray, Syn. FI. ed. 2, 2': suppl. 395. 1886. 


241 


242 


BULLETIN OP THE TORREY CLUB 


[VOL. 69 


of all leaves usually thickened and minutely papillose-roughened. Flowers 
erect or slightly nodding, terminating the stems, the uppermost leaf (bract) 
2-15 (rarely 50) mm. below the flower which terminates the main axis. 
Additional flowers, if present, 1-3, terminating the axillary branches. Hy- 
panthium in anthesis cup-shaped, campaniilate or obconic, glabrous, or 
sparsely or densely beset with short white flaccid hairs, 2-4 mm. long, usually 
slightly longer than broad when pressed, rounded or attenuate at base but 
usually with an abrupt break between hypanthium and peduncle. Capsule 
erect, campanulate, turbinate or ellipsoid, broadest at or above the middle, 
about 3 mm. in diameter by 7-11 mm. long, wholly inferior, attenuate or 
abruptly rounded at base, opening near the summit by three upcurled valves. 
Seeds ellipsoid-lenticular, about 1 mm. long, brown, very minutely lined. 
Calyx-lobes narrowly triangular or subulate, acute, entire, 1-2.5 mm. wide 
at base, 2-6 mm. long in anthesis, usually elongating in fruit, becoming (3) 
6-9 mm. long; lobes appressed or somewhat spreading in flower and fruit. 
Corolla glabrous, broadly campanulate, 9-15 mm. long, the width when 
pressed usually equalling the length or slightly exceeding it. Lobes 3-6.5 
mm. long, one-third to one-half the length of the whole corolla, ovate-deltoid, 
acute or apiculate, the sinuses V-shaped. Style 7-13 mm. long, straight, 
divided 1.5-2.5 mm., roughened distally more than half its length (5-8 mm.). 
Anthers glabrous, linear, straight, 4-5.5 mm. long. Filaments 1.5-2 mm. long, 
the expanded basal part rounded, ciliate, 1-1.5 mm. long, the linear distal 
part hyaline, about 0.5 mm. long. 

Most of the species of the genus Campanula are notable for extreme 
variation in size of corolla, in number of flowers per plant, and in habit. 
Definitive characters pertaining to species differentiation often reside in the 
fruit only. For these reasons most herbaria contain numerous wrongly deter- 
mined specimens of Campanula which have been identified while in flower 
onlj% or identified by means of keys based upon vegetative characters or 
those of the flower alone. It is thus thought desirable to present at this point 
a key for the separation of the species with which Campanula parryi may 
be confused. In the Rocky Mountain region, at high altitudes, there occur 
three species, all of which occasionally bear but a single flower ; C. uniflora 
regularly produces but one flower on each stem, but it is clearly unsafe to 
refer a plant to this species by this character alone, as C. parryi and C. 
rotundi folia, especially under adverse conditions of habitat, may do the same 
thing. 


KEY TO THE SPECIES OF CAMPANULA OF THE ROCKY MOUNTAIN 
REGION, SOUTH OF THE CANADIAN BORDER 
1. Anthers 1.5-2.5 mm. long; flower regularly 1 only, erect; capsule erect, 


opening by valves near the summit C, uni flora L. 

1. Anthers 4-6.5 mm. long 2 


2. Bases of the rosette leaves and lower cauline leaves ciliate with white 
hairs up to 0.7 mm. long, the plants otherwise glabrous; flower 
regularly 1 only (or with 1-4 additional flowers on subordinate 
lateral branches) ; flower and capsule erect, the latter opening by 
valves near the summit (C. parryi) 3 
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3. Leaves and calyx-lobes entire, the teeth, if any, scarcely visible to 
the unaided eye; calyx-lobes 2-6 (9) mm. long in fruit; corolla 
9-15 mm. long, the principal peduncle 0.2-1.5 (rarely 5) cm. 

long var. idahoensis 

^ 3. Calyx-lobes and at least some of the leaves usually with teeth 
plainly visible to the unaided eye; calyx-lobes (6) 10-15 
mm. long in fruit; corolla (9) 15-23 mm. long, the principal 

peduncle usually 3-5 cm. long var. parryi 

2. Plants glabrous or hispidulous, the leaf -bases never long-ciliate but 
at most with hispid margins, the processes up to 0.2 mm. long; 
flowers regularly numerous, sometimes one only ; capsule nodding, 
opening by valves at base; flowers erect or nodding C. rotundifolia L. 

It should be noted that I am including under Campanula rotundifolia 
all the plants which have passed as C. petiolata A. DC., as well as C. mac- 
dougalii Rydb. and C. sacajaweana M. E. Peek. I have examined the type 
specimens of the two lattei*, and in my judgment neither is sufficiently dis- 
tinct to be set up as a distinct species. 

I have seen the following material of C. parryi var. idahoensis: 

Idaho — adams co. ; Pyramid Peak, Weiser N. F., Christ 8684, Aug. 8, 
1937 (herb, of J. H. (!lirist). IDAHO ro. : Hoodoo Lake, 18 mi. s.e. of Pow’ell 
R. S., Christ 12807 July 21, 1941 (U. S. National Arboretum) ; dry moun- 
tain top near Powell R. S., R14E, T 35N, R. J. Davis 3629, June 29, 1941 
(herb. Univ. of Idaho, Pocatello) ; Buffalo Hump, near Orogrande, in tun- 
dra, Christ 11606, July 31, 1940 (herb. Christ) ; Monroe Creek, trail cro.ssing 
in Clearwater Forest, Kirkwood 2002, Aug. 26, 1924 (herb. Mont. State) ; 
near Friday’s Pass, 7000 ft., Kirkwood & Severy 1649, Aug. 26, 1923 (herb. 
Mont. State) ; Friday’s Pass, 7940 ft., Kirkwood <£* Severy 1639 (herb. Mont. 
State) ; trail from Kooskooska Meadows to Friday’s Pass, Swamp Lake, 
Kirkwood & Severy 1637 and 1638 (Type) (both in herb. Mont. State). 

Montana — missoula co. ; Lolo Road, sunny site, hillside, F. H. Rose 538, 
July 19, 1938 (U. S. National Arboretum). 
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NEW COMBINATIONS AND NEW NAMES IN THE 
UMBELLIFERAE— II' 

Mildred E. Mathias and Lincoln Constance 

Lomatium Raf. Joiirn. Phys. 89: 101. 1819. Cogswellia Sprenf?. in 
Linn. Syst. Ye^, ed. Roem. & Schult. 6: 48. 1820. Euryptera Nutt, ex 
Torr. & Gray, FI. N. Am. 1: 629. 1840. Leptotaenia Nutt. ex. Torr. & 
Gray, op. cit. p. 629. Leibergia Coult. & Rose, Contr. U. S. Nat. Herb. 3: 
575. 1896. Cynomarathrum Nutt, ex Coult. & Rose, Contr. U. S. Nat. 
Herb. 7: 244. 1900. Cusickia Jones, Contr. West. Bot. 12: 39. 1908. 
Peucedanum and Ferula of American authors, not of Linn. 1753. 

The genera Lomatium and Leptotaenia have been kept distinct b}" all 
authors treating the American Ilmbclliferae. The diagnostic differences 
were summarized by Coulter and Rose-* as follows: Peucedanum [to 
which the species of Lomatium were then referred] also differs in its 
membranous lateral wings, which are strongly nerved on the ventral face 
at the inner margin, in the absence of a longitudinal ridge on the com- 
missural surface, and in the often solitary oil-tubes. In the case of those 
species of Peucedanum which have more than one oil-duct in the intervals, 
the decidedly membranous wings are in sharp contrast with those of 
Leptotaenia. . . .’^ Subsequent writers have combined the nature of the 
fruit wings with features of habit and size to- distinguish the two as- 
semblages of species. 

The longitudinal ridge on the commissural surface of the mericarps is 
to be found in many if not all of the species of Lomatium as well as in those 
of Leptotaenia, and the wing-nervation appears to have little reliability. 
Solitary oil tubes are characteristic of Leptotaenm Leihergi Coult. & Rose, 
L. minor Rose and L. salmoniflora Coult. & Rose. As to habit, the species 
of Leptotaenia are usually stated to be tall, stout and caulescent, with 
broad leaves, whereas the species of Lomatium are described as less stout, 
low and acaulescent or nearly so, with smaller leaves. It is true that Lepto- 
taenia dissecta Nutt, and its var. multifida (Nutt.) Jepson, L. purpurea 
(Wats.) Coult. & Rose and L. calif ornica Nutt, are all tall, stout and 
caulescent with very broad leaves. However, Lomatium Stiksdorfii 
(Wats.) Coult. & Rose and its var. Thompso7iii Mathias and L. triter- 
natum (Pursh) Raf. vars. anomalum (Jones) Mathias and macrocarpum 
(Coult. & Rose) Mathias are equally large, robust and caulescent, with 
leaves of comparable size. Leptotaenia anomala Coult. & Rose, L. Brad- 
shami Rose, L. Leibergi, L, minor, L, salmoniflora and L. Watsonii Coult. 

1 The first paper of this series was published in Bull. Torrey Club 68; 121-124. 1941. 

2 Rev. N. Am. Umbel. 51. 1888. 
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& Hose, on the other hand, are all relatively small plants, which are either 
acaulescent or short-caulescent, and provided with proportionately small 
leaves. 

The habital similarity between certain species customarily assigned to 
Leptotaenia and others retained in Lomatium is both striking and con- 
fusing. Thus, Leptotaenia anomala is scarcely distinguishable in flower 
from Lomatium carui folium (Hook. & Arn.) Coult. & Rose and Lomatium 
marginatum (Benth.) Coult. & Rose, and all are closely related by their 
several, obscure oil tubes and semi-orbicular or obovate fruit. Leptotaenia 
Bradshawii is habitally very similar to Lomatium leptocarpum (Nutt.) 
Coult. & Ro.se, and grows in nearly identical habitats — ^moist .swales. Lep- 
totaenia salmoniftora is scarcely .separable from Lomatium Grayi Coult. & 
Rose unless either fresh flowers or ripe fruit are present. Leptotaenia 
Leihcrgi so closely resembles such bulbous species of Lomatium as L, 
Canhyi Coult. & Ro.se that it had been previously described as Pence- 
dannm {Lomatium) Ilendersoni Coult. & Rose. It is clear from the above 
that differences in habit may permit the separation of certain species of 
the two genera from each other, but does not in itself render the two 
groups of species generically distinct. 

We must necessarily turn, then, to a re-examination of the characters 
of the fruit, which have furnished the chief technical grounds for retain- 
ing the two genera. The typical Leptotaenia fruit, that found in Lepto- 
taenia dissecta and var. multifida, L, purpurea and in most plants of 
L. calif arnica, superficially resembles a i)umpkin .seed: the wings are very 
thick and corky, and form a prominent, narrow border to the mericarp. 
In L, Leihergi, L. minor, Ij, salmofiiflora and L. Watsoni the dorsal sur- 
face of the mericarp and of the wing are uniformly brown in color, with 
the result that the only slightly thickened wing is scarcely visible unless 
the ventral surface or a transverse section of the mericarp is examined. 
The fruit of L, anomala is very much like that of Lomatixm caruifoliuni, 
which has ‘‘thickish’’ wings, and L, marginatum^ except that it is some- 
what more corky-thickened. Leptotaenia calif ornica is remarkable for the 
fact that fruit from the .southern portion of the range has the ‘‘pumpkin 
seed'’ form, while that from the northern limits is similar, but thin- 
winged. The traditional generic distinction thus breaks dowm in this one 
species. 

It seems evident that the single technical distinction of wing thickness 
has been over-emphasized to keep apart under Leptotaenia an unnatural 
group of species, the members of which show close relationships to differ- 
ent species of Lomatium, Accordingly, we find it necessary to incorporate 
Leptotaenia in the genus Lomatium, This change requires the following 
new combinations and new names, the first of which has already been 
indicated in our herbarium by Dr. Robert F. Hoover. 



246 


BULLETIN OF THE TORREY CLUB 


[VOL. 69 


Lomatium humile (Coult. & Rose) Hoover, comb. nov. Leptotaenia 
anornala Coult. & Rose, Rev. N. Am. Umbel. 53. 1888, not Lomatium 
anomalum Jones, 1900. Leptotaenia humUis Coult. & Rose, Contr. U. S. 
Nat. Herb. 7 : 200. 1900. Leptotaenia humilis var. denticulata Jepson, 
Madrono 1: 146. 1923. Lomatium caruifolium var. denticulatum Jepson, 
op. cit., p. 151. 1924. 

Lomatium Bradshawii (Rose ex Mathias) Mathias & Constance, comb, 
nov. Leptotaenia Bradshawii Rose ex Mathias, Lflts. West. Bot. 1: 101. 
1934. 

Lomatium dissectum (Nutt.) Mathias & Constance, comb. nov. Lepto- 
taenia dissecta Nutt, ex Torr. & Gray, PI. N. Am. 1 : 630. 1840. Lepto- 
taenia dissecta var. foliosa Hook. Lond. Journ. Bot. 6: 236. 1847. Cyn- 
apium Bigelovii Torr. Pacif. RR. Rept. 4 : 94. 1856. Ferula dissecta 
Gray, Proc. Am. Acad. 7 : 348. 1868. Ferula dissoluta Wats, in Brewer & 
Wats. Bot. Calif. 1 : 271. 1876. Leptotaenia foliosa Coult. & Rose, Contr. 
U. S. Nat. Herb. 7 : 198. 1900. 

Lomatium dissectum (Nutt) Mathias & Constance var. multifidum 
(Nutt.) Mathias & Constance, comb. noV. Leptotaenia multifida Nutt, ex 
Torr. & Gray, PI. N. Am. 1 : 630. 1840. Ferula multifida Gray, Proc. Am. 
Acad. 7 : 348. 1868. Leptotaenia Eatoni Coult. & Rose, Rev. N. Am. 
Umbel. 52. 1888. Leptotaenia multifida var. Eatoni Jones, Contr. West. 
Bot. 12 : 40. 1908. Leptotaenia dissecta var. multifida Jepson, Madrono 
1 : 145. 1923. 

Lomatium columbianum Mathias & Constance, nom. nov. Ferula pur- 
purea Wats. Proc. Am. Acad. 21 : 453. 1886, not Lomatium purpnreum^A, 
Nels. 1901. Leptotaenia purpurea Coult. & Rose, Rev. N. Am. Umbel. 52. 
1888. 

Lomatium salmoniflorum (Coult. & Rose) Mathias & Constance, comb, 
nov. Leptotaenia salmonifiora Coult. & Rose, Contr. U. S. Nat. Herb. 7 : 
201. 1900. 

Lomatium minus (Rose) Mathias & Constance, comb. nov. Leptotaeniu 
minor Rose ex Howell, PI. N. W. Am. 1 : 251. 1898. Cusickia minor 
Jones, Contr. West Bot. 12 : 40. 1908. 

Lomatium cuspidatum Mathias & Constance, nom. nov. Leptotaenia 
Watsoni Coult. & Rose, Rev. N. Am. Umbel. 52. 1888, not Peucedanum 
Watsoni Coult. & Rose, 1888, nor Lomatium Watsoni Coult. & Rose, 1900. 

Lomatium calif ornicum (Nutt.) Mathias & Constance, comb. nov. Lep- 
totaenia calif ornica Nutt, ex Torr. & Gray, FI. N. Am. 1 : 630. 1840, not 
Peucedanum californicum Nutt., 1840, nor Coult. & Rose, 1888. Ferula 
calif ornica Gray, Proc. Am. Acad. 7 : 348. 1868. Leptotaenia calif ornica 
var. platycarpa Jepson, Erythea, 1 : 8. 1893. Leptotaenia calif ornica var. 
dilatata Jepson, op. cit., p. 63. 

PoDisTERA Wats. Proc. Am. Acad. 22 : 475. 1887. Ligusticella Coult. & 
Rose, Contr. U. S. Nat. Herb. 12 : 445. 1909. Orumhella Coult. & Rose, 
op. cit, p. 446. 
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In a recent paper,® the authors pointed out the unteiiability of the 
genus OrumbellU and transferred its sole species to Ligusticella, hitherto 
also represented by a single species. It was surprising, therefore, to be 
unable to find valid generic characters to separate Ligusticella, thus re- 
constituted, from Podistera, a third reputedly monotypic genus. Podistera 
is based upon P. ne^vadensin (Gray) Wats., a species first questionably 
referred to Cymopterus Raf. by Gray, who had at hand only inadequate 
material. The senior author has already suggested^ that Podistera differs 
markedly from Cymopterus in the possession of a stylopodium and in the 
lack of wing-development of the fruit. The compression of the fruit, more- 
over, is lateral in Podistera and dorsal in Cymopterus, which indicates 
that these genera are scarcely consanguine. On the other hand, Podistera 
agrees with Ligusticella in these and all other important diagnostic fea- 
tures. We are thus forced to combine the three supposedly monotypic 
genera into a single genus. The resultant genus has a remarkable distribu- 
tion, with one species in Alaska, a second alpine in California, and the 
tliird alpine in Colorado. The following new combinations are needed: 

Podistera Eastwoodae (Coult. & Rose) Mathias & Constance, comb. nov. 
Ligustictim Eastwoodae Rose ex Eastw. Zoe 4 : 17. 1893, nomen nudum; 
Coult. & Rose, Contr. U. S. Nat. Herb. 3 : 320. pi. 13. 1895. Ligusticella 
Eastwoodae Coult. & Rose, Contr. IT. S. Nat. Herb. 12 : 445. 1909. 

Podistera Macounii (Coult. & Rose) Mathias & Constance, comb. nov. 
Ligusticum Macounii Coult. & Rose, Contr. U. S. Nat. Herb. 1 : 289. ph 23, 
1893. Orumbella Macounii Coult. & Rose, Contr. U. S. Nat. Herb. 12 : 
446. 1909. Ligusticella Macounii Mathias & Constance, Bull. Torrey Club 
68: 123. 1941. 

Prionosciadium Wats. Proc. Am. Acad. 23 : 275. 1888. Langlassea 
Wolff ex Fedde, Repert. 9: 420. 1911. 

Prionosciadium thapsoides (DC.) Mathias var. Pringlei (Wats.) 
Mathias & Constance, comb. nov. Prionosciadium Pringlei Wats. Proc. 
Am. Acad. 23 : 276. 1888. 

Pteryxia Nutt, ex Coult. & Rose, Contr. U. S. Nat. Herb. 7 : 170. 1900. 
Cymopterus § Pteryxia Nutt, ex Torr. & Gray, PI. N. Am. 1 : 624. 1840. 
Pseudopteryxia Rydb. Bull. Torrey Club 40 : 71. 1913. Pseudoreoxis 
Rydb. op. cit., p. 73. 

Three species, which have heretofore collectively found a place in 
Pseudocymopterus Coult. & Rose and have individually been referred also 
to Cymopterus, Aletes Coult. & Rose and Pseudopteryxia, hsixe not ex- 
hibited complete conformity with any of these groups. The habit, .the 
prominent rather than obsolete to evident calyx lobes and the membranous 
rather than spongy wungs of the fruit relate these species more cipsely to 

3 Bull. Torrey Club 68: 123. 1941. 

« Ann. Mo. Bot. Card. 17: 221, 245, 248, 1930. 
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Pteryxia than to the type species of Pseudocymopteriis. We believe that 
referring these species to Pteryxia will result in a more natural classifica- 
tion. The following transfers are required: 

Pteryxia anisata (Gray) Mathias & Constance, comb. uov. Cymopterus 
t anisatus Gray, Proc. Acad. Phila. 1863: 63. 1864. Pseudocymopterus 
anisatus Coult. & Rose, Rev. N. Am. Umbel. 75. 1888. Pseudocymopterus 
aletifoUus Rydb. Bull. Torrey Club 31: 574. 1904. Psetidopteryxia 
anisata Rydb. Bull. Torrey Club 40: 71. 1913. Pseudopteryxia aleti folia 
Rydb. op. eit., p. 72. 

Pteryxia Hendersoni (Coult. & Rose) Mathias & Constance, comb. nov. 
Pseudocymopterus Hendersoni Coult. & Rose, Contr. U. S. Nat. Herb. 7: 
190. 1900. Pseudopteryxia longiloba Rydb. Bull. Torrey Club 40: 72. 
1913. Pseudopteryxia Hendersoni Rydb. FI. Rocky Mts. 624, 1064. 1917 ; 
ed. 2. 624. 1922. Pseudocymopterus anisatus var. longilohus Tidestrom, 
Contr. U. S. Nat. Herb. 26 : 399. 1925. (PI. Utah & Nevada). 

Pteryxia Davidsoni (Coult. & Rose) Mathias & Constance, comb. nov. 
Aletes t Davidsoni Coult. & Rose, Contr. U. S. Nat. Herb. 7: 107. 1900. 
Pseudocymopterus filicinus Wooton & Standi. Coiitr. U. S. Nat. Herb. 16: 
158. 1913. Pseudocymopterus Davidsoni Mathias, Ann. Mo. Bot. Card. 
17: 282, 316. 1930. 

Department op Botany, University op California 
Berkeley, California 
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the West Indies. Bryologist 44; 145, 146. /. 1-11, D 1941. 

Oates, F. 0. Weeds in Kansas. Report Kansas State Bd. Agr. 60; 7-360. pi, 
1-9 1-380, Je 1941. 

Gooddlng, 0. O. Three new species of Muhlenhcrpia, Jour. Wash. Acad. Sci. 31: 
504-.506. 15 D 1941. 

Groh, H. Distribution in Ontario of Vraeocephalum thijmiflornm. Tofreya 41: 
187, 188. 19 D 1941. 

Grout, A. J. The genus Fumdetm in Puerto Rico. Bryologist 44: 1.36-144. D 
1941. 

Grout, A. J. A key to the Fissidentaeeae of North America. Bryologist 44; 129- 
136. D 1941.* 

Hagen, S. H. A revision of the North American species of the genus Anisacanthna, 
Ann. Mo. Bot. Gard. 28: 385-408. pi, 16-18 + 1 f, N 1941. 

Hodge, W. H. Notes on Dominica ferns. Am. Fern .Tour. 31: 121-127. j)l, 
0-1) 1941. 

Holllngsbead, L. Chromosome studies in Sedum, subgenus Gor mania, section 
FAigormania, Bull. Torrey Club 69: 41-43. /. 1-5, Ja 1942. 

Howell, J. T. A key to the Ptcridophytes of Marin County, California. WasmSnn 
Collector 4: 139-144. N 1941. 

Howell, J. T. Plant records from the Southern Sierra Nevada. Wasmann Cob 
lector 4: 85-90. 1 pi, Ap 1941. 

Howell, J. T. The Templeton Crocker Expedition of the California Academy of 
Science, 1932. No. 40. The genus Scal€,sia, Proc. Cal. Acad. Sci. IV 22: 221- 
271. 30 S 1941. 

Jaeger, E. 0. Desert wild flowers. Revised edition, i-xxx, 1-322. plaics + f, 1-764, 
Stanford Univ. Press, Stanford University, Cal., 1941. 

Jones, C. H. Studies in Ohio floristics. 1. Vegetation of Ohio bogs. Am. Midi. 
Nat. 26; 675-689. /. 1-4, D 1941. 

Melchior, H. Beitrag zur Systematik und Phylogenie der Gattung Tecoma, Ber. 

Deuts. Bot. Ges. 69: 18-31. f, 1, 27 F 1941. 

Merrill, E. D. The Upper Burma plants collected by Captain F. Kingdon Ward 
on the Vernay Cutting Expedition, 1938-39. Brittonia 4: 20-188, /. 1-3, 
D 1941. 

Merrill, E. D. A Perry, L. M. A summar}^ of Kentrochrosia Lautcrbach and 
Schumann. Philippine Jour. Sci, 76; 19-21. S 1941. 

Moldenke, H. N. Additional notes on the genus Aegiphila — VII. Phytologia 2; 
57-64. 1941. 

Moldenke, H. N. An introduced ladysthumb from Asia. Torreya 41; 193-198. 
19 D 1941. 

Moldenke, H. N. Miscellaneous taxonomic notes. Bull. Torrey Club 68; 675, 676. 
1 D 1941. 
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Moldenke, H. N. Plant novelties. Phytologia 2: 50-57. D 1941. 

Muller, C. The problem of genera and siibgencra in the oaks. Chron. Bot. 7: 
12-14. Ja 1942. 

Parker, D. Some Hcpaticae from northeastern Georgia. Bryologist 44: 154. 
D 1941. 

Popenoe, W. Plant resources of Guatemala. Chron. Bot. 7: 16-19. Ja 1942. 
Record, 8. J. American woods of the family Flacourtiaceae. Trop. Woods 68: 
40-57. 1 D 1941. 

Rickett, H. W. Linnaeus’ Rules of Nomenelature. Torreya 41: 188-191. 19 D 
1941. 

Roland, A. E. The ferns of Nova Scotia. Proc. Nova Scotian Inst. Sci. 20: 64- 
120. /. 18 D 1941. 

St. John, E. P. Habitats and distribution of Ophioplossum in Florida. Am. Fern 
Jour. 31: 143-148. 0-1) 1941. 

SkottBberg, 0. The Falkland Islands. Chron. Bot. 7: 23-26. Ja 1942. 

Sleumer, H. Vaccinioideen-Studien. Bot. Jahrb. 71: 375-510. 28 F 1941. 

Smith, A. 0. The vegetation of the Guianas, a brief review. Chron. Bot. 6: 449- 
452. I) 1941. 

Smith, C. P. Species Taixjinorum. 225-240. Saratoga, Cal. D 1940, 241-256, Au 
1941, 257-272, 273-288, 289-304, S 1941. 

Steere, W. 0. Neckeradrlphufi ; a new genus in the Neekeraceae. Bryologist 44: 
147-153. D 1941. 

Steyermark, J. A. Notes on Missouri plants. Rhodora 43: 658-663. I) 1941. 
Sutliffe, D. Two Ilcpatics of the Sierra Nevada new for California. Bryologist 
44: 153. U 1941. 

Svenson, H. K. The vegetation of Ecuador, a brief review. Chron. Bot. 6: 446- 
448. D 1941. 

Taylor, W. R. Tropical marine algae of the Arthur Scott Herbarium. Field Mus. 

Bot. Ser. 20: 85-104. pi 1, 29 N 1941. 

Van Melle, P, J. An unstable Dicentra, Torreya 41: 191, 192. 19 D 1941. 

Ward, F. K. The Vernay-Cutting Expedition, November, 1938, to April, 1939: 
report on the vegetation and flora of the Hpimaw and Htawgaw Hills, 
Northern Burma. Brittonia 4: 1-19. I) 1941. 

Whelden, R. M. Some observations on freshwater algae of Florida. Jour. Elisha 
Mitchell Soc. 67: 261-271. pi J, 6, 1) 1941. 

White, A., Dyer, R. A. A Sloane, B, L. The succulent Euphorbieae (Southern 
Africa). 1: xiv, 1-494 + 11. pi 1-10 + f. 1-507, 2: 495-990. pi 11-26 -^f, 508- 
1102, Abbey Garden Press, Pasadena, California, 1941. 

Whyte, R. O. The grasslands of Latin America. Chron. Bot. 6: 443-446. D 1941. 
Williams, L. O. A new Liparis from Fiji. Am. Orchid Soc. Bull. 10: 201. pi, 7, 
1 D 1941. 

Woodson, R. E. A Schery, R. W. Contributions toward a flora of Panama. V. 
Collections chiefly by Paul H. Allen, and Robert E. Woodson, Jr., and Robert 
W. Schery. Ann. Mo. Bot. Gard. 28: 409-499. pi 19-25 1, 2, N 1941. 
Yuncker, T. Q*. The vegetation of Honduras, a brief review. Chron. Bot. 7: 26, 
27. Ja 1942. 

MORPHOLOGY 

(Including anatomy, and cytology in part) 

( See also under Taxonomy : Fasolo ; Holllngshead. Under Mycology : • 
Johnson & Brown. Under Genetics : Coleman) 

Abbe, E. 0., Randolph, L. F. A Einset, J. The developmental relationship between 
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shoot apex and growth pattern of leaf blade in diploid maize. Am. Jour. 
Hot. 28: 778-784. /. 1-5. 12 D 1941. 

Ball, E. The development of the shoot apex and of the primary thickening meri- 
stem in Phoenix canariensis Chaub., with comparisons to Washingtonia fili- 
fera Wats, and Trachycarpus excelsa Wendl. Am. Jour. Bot. 28: 820-832. 
/. 1-17. 12 D 1941. 

Blaser, BE, W. Studies in the morphology of the Cyperaceae. I. Morphology of 
flowers. B. Rhynchosporoid genera. Am. Jour. Bot. 28: 832-838. f. 87-183, 
12 D 1941. 

Cooper, D. 0. Macrosporogenesis and the development of the seed of Phryma 
leptostachya. Am. Jour. Bot. 28: 755-761. /. 1-5. 12 D 1941. 

Cross, O. L. 8p Johnson, T. J. Structural features of the shoot aj^ices of diploid 
and colchicine- induced tetraploid strains of Vinca roeea L. Bull. Torrey 
Club 68: 618-635. /. l-£4. 1 D 1941. 

Duncan, B. E. Apogamy in Doodia caudata. Am. Jour. Bot. 28: 921-931. f. 

I- 37. D 1941. 

Farr, W. K. Formation of microscopic cellulose particles in colorless plastids of 
the cotton fiber. Conti*. Boyce Thompson Inst. 12: 181-194. f. 1-9. 0-D 
1941. 

Fulford, M. Studies on American Hepaticae — ITT. Vegetative reproduction in 
Bryopteris fruticulosa. Bull. Torrey Club 68: 036-639. /. 1-13. 1 D 1941. 
Haccius, B. Untersuchungen zur zerstreuten Blattstellung bei den Dikotylen. 
Chron. Bot. 7: 6, 7. /. l-£. Ja 1942. 

Johansen, D. A. A proposed new botanical term. Chron. Bot. 6: 440. D 1941. 
Marroquin, A. S. A Winter, H. A. tin estudio morfologico de la pl/lntula de 
Claytonia virginica L. An. Bsc. Nac. Cien. Biol. [Mexico] 2: 191-215. pi. 

II- 16. 1941. 

Matzke, E. B. Gametoifliytcs of Equisetiiim Arvense L. Torreya 41: 181-187. 
/. 1-4. 19 D 1941. 

Mendes, A. J. T. Cytological observations in Coffea. VI. Embryo and endosperm 
development in Coffea arahica L. Am. Jour. Bot. 28: 784-789. /. 1-18. 
12 D 1941. 

Thompson, B. H. The morphology of Riella affinis. I. Germination of the spore 
and development of the thallus. Am. Jour. Bot. 28: 845-855. f. 1-67. I> 

1941. 

Whltehouse, W. E. A Stone, C. L. Some aspects of dichogamy and pollination in 
pistache. Proc. Am. Soc. Hort. Sci. 39: 95-100. /. /, S. 8 1941. 

Williams, S. Secondary vascular tissues of the oaks indigenous to the United 
States — ^II. Types of tyloses and their distribution in Erythrohalanus and 
Leucohalanus. Bull. Torrey Club 69; I-IO. f. 1-10. Ja 1942. 

Withner, 0. L. Stem anatomy and phylogeny in the Rhoipteleaceae. Am. Jour. 
Bot. 28: 872-878. /. 1-9. D 1941. 

PLANT PHYSIOLOGY 

(See also under Mycology: Tlmonin) 

Aldrich, W. W. A Young, T. B. Carbohydrate changes in the date palm during 
the summer. Proc. Am. So«. Hort. Sci. 30: 110-118. f. 1-9. S 1941. 
Burkholder, P. B. Some experiments with growth curvatures and growth sub- 
stances. Am. Jour. Bot. 28: 911-921, /. 1-6. D 1941. 

Byers, H. G. On the occurrence of selenium in plants. Chron. Bot. 7; 4-6. Ja 

1942. 
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Oole, P. A. The ultraviolet absorption spectra of different regions of Trichophy- 
ton mentagrophytes spores. Am. Jour. Bot. 28: 931-934. /. i-J. D 1941. 
Day, D. Thiamin content of agar. Bull. Torrey Club 69: 11-20. /. 1, Ja 1942, 
EmexBon, B. A Lewis, 0. M. Carbon dioxide exchange and the measurement of 
the quantum yield of photosynthesis. Am. Jour. Bot, 28: 789-804. /. 1-6*. 
12 D 1941. 

Franck, J. A French, 0. S. Photoxidation processes in phints. Jour. Gen. Physiol. 
26: 309-324. f, 1--6. 20 N 1941. 

Gray, G. F. Transpiration in strawberries as affected by root temperature. Proc. 

Am. Soc. Hort. Sci. 30: 269-273. /. 1, 2. 8 1941. 

Gustafson, F. G. The extraction of growth hormones from plants. Am. Jour. 
Bot. 28: 947-951. D 1941. 

Guthrie, J. D. A preparation from yeast that is active in breaking the rest period 
of buds. Contr. Boyce Thompson Inst. 12: 195-201. 0-D 1941. 
Hendrickson, A. H. A Veihmeyer, F. J. Some factors affecting the rate of growth 
of pears. Proc. Am. Soc. Hort. Sci. 39: 1-7. /. 1-4, 8 1941. 

Kroeger, G. S. Dormancy in seeds of Impatiens halsamina L. Contr. Boyce 
Thompson Inst. 12: 203-212. /. IS, O-D 1941. 

Langham, D. G. The effect of light on growth habit of plants. Am. Jour. Bot. 
28: 951-956. f, IS. D 1941. 

McCann, L. P. et al. Praetors affecting time of initiation and rate of development 
of pistillate flowers of the Tung tree. Proc. Am, Soc, Hort. Sci. 39: 157- 
160. f. 1, 2. S 1941. 

McCool, M. M. Effect of temperature on the availability of insoluble nitrogen. 

Contr. Boyce Thompson Inst. 12: 213-216. f. 1, O-D 1941. 

Mackinnon, J. E. The effect of Actinomyces albiis and of thiamin on the growth 
of Trichophyton discoides. Bull. Torrey Club 69: 21-26. /. IS, Ja 1942. 
McNair, J. B. Energy and evolution. Phytologia 2: 33-50. D 1941. 

McNair, J. B. Epiphytes, parasites and geophytes and the production of alka- 
loids, cyanogenetic and organic sulphur compounds. Am. Jour. Bot. 28: 
733-737. 12 D 1941. 

Parker, E. B. A Southwlck, B. W. Manganese dcflciency in citrus. Proc. Am. 
Soc. Hort. Sci. 39: 51-58. /. 1, S 1941. 

Bobbins, W. J. A Kavanagh, V. Plant growth substances. Ann. Bev. Biochem. 
10: 491-508. 1941. 

Boberts, B. H. Photoperiodism. Chron. Bot. 6: 437, 438. D 1941. 

Salvin, S. B. Comparative studies on the primary and secondary zoospores of the 
Saprolegniaceae. I. Influence of temperature. Mycologia 33: 592-600. /. 
i, 2, N-D 1941. 

Schneider, 0. L. The effect of red light on growth of the Avena seedlings with 
special reference to the first internode. Am. Jour. Bot. 28: 878-886. /. 1-12. 
D 1941. 

Sisson, W. A. X-ray studies regarding the formation and orientation of crystal- 
line cellulose in the cell wall of Valonia, Contr. Boyce Thompson Inst. 12: 
171-180. /. I, 2, O-D 1941. 

Sommer, A. L. Mineral nutrition of plants. Ann. Rev. Biochem. 10: 471-490. 
1941. 

Stier, T. J. B. A Oastor, J. G. B. On the production and use of permanently 
altered strains of yeast for studies of in vivo metabolic organization* Jour. 
Gen. Physiol. 26: 229-233. 20 N 1941. 
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Stoutemyer, V* T. A comparison on rooting induced by acid and by amide growth 
substance. Proc. Am. Soc. Hort. Sei. 39: 253-258. S 1941. 

Takahashi, W. N. Changes in nitrogen and virus content of detached tobacco 
leaves in darkness. Phytopathology 31: 1115-1122. 1) 1941. 

Van Horn, 0. W. Delayed foliation of pecan trees in Arizona. Proc. Am. Soc. 
Hort. Sci. 38: 87-94. f, S 1941. 

Wood, J. O. Metabolism of sulphur in plants. Chron, Bot. 7 : 1-4. J a 1942. 

MYCOLOGY AND PHYTOPATHOLOGY 
(See also under riant Physiology: Mncklnnon; Parker & South wick; 

Salvin ; Stler & Castor) 

Berdan, H. B. A developmental study of three saprophytic chytrids. IT. CatenO’ 
chyiridium carolinianum Berdan. Am. Jour. Bot. 28: 901-911. /. t—7S, 
D 1941. 

Bliss, D. E. Belation of Ceratostomella radicicola to rhizosis of the date palm. 
Phytopathology 31: 1123-1129. /. 1-5. D 1941. 

Ohester, K. S. The probability law in cotton seedling disease. Phytopathology 
31: 1078-1088. /. 7-4. D 1941. 

Olayton, E. E. & McEIinney, H. H. Resistance to the common mosaic disease of 
tobacco. Phytopathology 31: 1140-1144. /. 1. D 1941. 

Dodge, B. O. Discharge of the sporangioles of bird’s nest fungi. Mycologia 33: 
650-654. /. 1, N-D 1941. 

Fawcett, H. S. Virus nomenclature. Chron. Bot. 7: 8. Ja 1942. 

HiUegas, A. B. Observations on a new species of Cladochytriim. Mycologia 33: 
618-632. /. 1--40. N-D 1941. 

Holmes, P. O. A distinctive strain of tobacco -mosaic virus from Plantago. 
Phytopathology 31: 1089-1098. /. 1-3, D 1941. 

Johnson, G. T. A Brown, W. L. Stages in the development of Thelotrema •inter- 
positum, Mycologia 33: 601-608. /. 1—9, N-D 1941. 

Keitt, G. W. A Langford, M. H, A preliminary report on genetic studies on 
pathogenicity and the nature of saltation in Veninria inaequalis. Phyto- 
pathology 31: 1142. D 1941. 

Heltt, G. W, & Langford, M. H. Venturia inaeqnalis (Cke.) Wint. I. A ground- 
work for genetic studies. Am. Jour. Bot. 28: 805-820. pi, 1-5 -\-f, 1, 12 D 
1941. 

Kunkel, L. O. Heat cure of aster yellows in periwinkles. Am. Jour. Bot. 28: 
761-769. f, i, 2. 12 D 1941. 

Loustalot, A. J. & Hamilton, J. Effects of dowmy spot on photosynthesis and 
transpiration of pecan leaves in the fall. Proc. Am. Soc. Hort. Sci. 39: 
80-84. /. 1, S 1941. 

McKinney, H. H. Virus-antagonism tests and their limitations for establishing 
relationship between mutants, and non-relationship between distinct viruses. 
Am. Jour. Bot. 28: 770-778. 12 D 1941. 

Mains, E. B. Cordyceps stylophora and Cordyceps ravenelii, Mycologia 33: 611- 
617. /. 1, 2, N-D 1941. 

MUler, V. M. & Bonar, L. A study in the Perisporiaceae, Capnodiaceae, and some 
other sooty molds from California. Cal. Univ. Publ. Bot. 19: 405-428. pi, 
67-70, 7 N 1941. 

Morse, E. E, Podaxis pistillaris, II. Mycologia 33: 609-610. N-D 1941. 

Olson, A. J. A root disease of Jeffrey and ponderosa pine reproduction. Phyto- 
pathology 31: 1063-1077. /. 1-3, D 1941. 
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Presley, J. T. Saltants from a monosporic culture of Verticillum alho-atrum. 
Phytopathology 31: 1135-1139. /. 1, S. T> 1941. 

Baper, K. B. Dictyostelium minutum, a second new species of slime mold from 
decaying forest leaves. Mycologia 33: 633-649. /. 1-4, N-D 1941. 

Satina, 8. ft Blakeslee, A. F. Periclinal chimeras in Datura stramonium in rela- 
tion to development of leaf and flower. Am. Jour. Bot. 28: 862-871. /. 
1-49, D 1941. 

Seaver, F. J. Sarcosphaera coronaria. Mycologia 33: 579. col, pi, N-D 1941. 
Smith, A. H. New and unusual Cortinarii from Michigan, with a key to the North 
American species of subgenus Bulbopodium, Bull. Torrey Club 69: 44-64. 
/. 1-7, Ja 1942. 

Smith, A, L. The reaction of cotton varieties to Fusarium wilt and root-knot 
nematode. Phytopathology 31: 1099—1107. /. 1-S. D‘1941. 

Snyder, W. 0. ft Hansen, H. N« The effect of light on taxonomic characters in 
Fusarium, Mycology 33: 580-591. /. 1. N-D 1941. 

Snyder, W. 0. ft Hansen, H. N. The species concept in Fusarium with reference 
to section Martiella. Am. Jour. Bot. 28: 738-742. 12 D 1941. 

Sprague, B. A blotch and char-spot of western grasses. Northwest Sci. 15: 81- 
85. N 1941. 

Sprague, B. Some leaf spot fungi on western Gramineae. Mycologia 33: 655- 
665. /. 1, N-D 1941. 

Stevens, N. E. ft Stevens, B. B. Recent developments in plant diseases in the 
United States. Bot. Rev. 7: 714-736. /. 1-11. D 1941. 

Timonin, M. I. Microbial activity as influenced by root excretions. Chron. Bot. 
6: 440. D 1941. 

Tompkins, 0. M. ft Ark, P. A. Verticillium wilt of strawflower. Phytopathology 
31: 1131-1134. /. 1-3. D 1941. 

GKNKT1C8 

(including cytogenetics) 

(8ee also under Mycology: Keitt & Langford; Presley. 

Under Morphology; Satina & Blakeslee) 

Avery, A. G. ft Blakeslee, A. F. A white-flowered race of Datura which is geneti- 
cally distinct from similar white races in nature. Proc. Nat. Acad. Sci. 27: 
512-518. N 1941. 

Baldwin, J. T. ft Culp, B. Polyploidy in Diospyros virginiana, L. Am. Jour. Bot. 
28: 942-944. f. 1-4. D 1941. 

Bamford, B. Chromosome number and hybridization in Gladiolus. Jour. Hered. 
32: 419-422. illust. D 1941. 

Coleman, L. 0. The relation of chromocenters to the differential segments in 
Rhoeo discolor Hance. Am. Jour. Bot. 28: 742-748. /. 1-14. 12 D 1941. 
Hubricht, L. ft Anderson, E. Vicinism in Tradesrantia, Am. Jour. Bot. 28: 957. 
D 1941. 

PALEOBOTANY 

Axelrod, D, L. The concept of eeospecies in tertiary paleobotany. Proc. Nat. 
Acad. Sci. 27: 545-551. D 1941. 

Berry, E. W. Finns and Quercus in the Chesapeake Miocene. Jour. Wash. 

Acad. Sci. 31: 506-508. /. 1, 8 . 15 D 1941. 

BUrchheimer, F. Bemerkungen zur Diagnostik und Nomenklatur Fossiler Angio- 
spermenreste. Chron. Bot. 6: 439, 440. D 1941, 
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ECOLOGY AND PLANT GEOGRAPHY 

Beath, O. A., Gilbert, 0. 8. k Eppson, H. F. The use of indicator plants in locat- 
ing seleniferous areas in western United States IV. Progress report. Am. 
Jour. Bot. 28; 887-900. /. 1-10. D 1941. 

Glock, W. S. Growth rings and climate. Bot. Rev. 7: 649-713. D 1941. 

Hilton, J. W. Effects of certain microecological factors on the germinability and 
early development of Eurotia lanata. Northwest. Sci. 16: 86-92. N 1941. 
McOullongb, H. M. Studies in soil relations of species of violets. Am. Jour. Bot. 
28: 934-941. /. 1. D 1941. 

GENERAL BOTANY . 

(Including biography) 

(See also under Morphology: Fulford) 

Asmous, V. 0. P. S. Pallas as a botanist and explorer (1741-1811). Chron. Bot. 
7: 14. Ja 1942. 

Benedict, B. 0. The gold rush: a fern ally. Am. Fern Jour. 31; 127-130. 0-D 
1941. 

Train, P., Henrichs, J. B. k Archer, W* A. Medicinal uses of plants by Indian 
tribes of Nevada. In Contrib. towards a flora of Nevada no. 33. Part I 
(pages 1-61). Part II (62-129). Part III (130-199). U. S. Dept. Agr. Div. 
Plant Exploration. Bur. Plant Ind. 1 D 1941. 
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STUDIES IN ANTIBIOSIS BETWEEN BACTERIA AND FUNGI— 
III. INHIBITORY ACTION OF SOME ACTINOMYCETES 
ON VARIOUS SPECIES OF FUNGI IN CULTURE^ 

Const. J. Alexopoulos and J. Arthur Herrick 

In a previous article (1) it was reported that of 80 Actinomyces species 
grown with Colletotrichum gloeosporioides on agar, 14 proved to be strong 
inhibitors, 31 weak inhibitors, and 35 had no visible effect upon the growth 
of that fungus and consequently were classified as non-inhibitors. 

In order to determine whether inhibition is a function of the Actinomyces 
alone or of both the Actinomyces and the fungus, two species of Actinomyces 
from each of the above categories were selected and grown with each of nine 
species of fungi representing various fungous groups. 

materials and methods 

The same technique used in previous experiments (1), was adopted again, 
of inoculating the Actinomyces in two places on the agar, 4 cm. apart, and 
five days later inoculating the fungus midw^ay between the resulting 
Actinomyces colonies. As before, the criterion of inhibition was either a 
flattening of the fungous colonies on the sides nearest the Actinomyces 
colonies, or a distinct general stunting of the fungous colony as compared 
with the growth of the control plates in which the fungus was grown alone 
( 1 , 2 ). 

The organisms used in these studies were as follows : 

Actinomycetes ; 

1. Strong inhibitors of C. gloeosporioides (1). 

Actinoftiyces anmilatvs Beij. 

Actinomyces madurae (Vine.) Lehm. et Neum. 

2. Weak inhibitors of C, gloeosporioides (1). 

Actinomyces fiavovirens Waks. 

Actinomyces gougeroti Duche 

3. I^on-inhibitors of C. gloeosporioides (1). 

Actinomyces hasltedii Waks. et Curt. 

Actinomyces viridochromo genus Kr. 

Fungi : 

Phycomyces hlakesleeanus Burg. 

Acanthorhynchus vaccinii Shear 

Sclerotinia sclerotiorum (Lib.) Massee 

Glomerella cingulata (Stonem.) 8p. et v. Schr. 

Phoma betae Frank 

1 A preliminary report of this investigation was presented at the Cleveland meetiHg 
of the Ohio Academy of Science, May 9, 1941. 

The writers are indebted to Dr. H. A. Cunningham, Head Department of Biology, 
Kent State University, for his encouragement and Cooperation in providing research 
facilities. 
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Botrytis cinerea Pers. 

Alfernaria solani (Ell. et Mart.) J. et Gr. 

Stereum gausapafum Fries, Strain S-12 (3) 

Pomes fraxinophilus (Pk.) Sace. 

The medium used was prepared according? to the following formula: 


Glucose 



30 gins. 

Peptone 



5 gms. 

K2HPO4 . 



1 (fIM. 

Agar 


20 gms. 

Water 


1000 cc. 


The pH of the agar was adjusted to 8.1 and after sterilization at 15 lbs. for 
15 minutes it was found to be 6.8. f^ifteen cubic centimeters of agar were 

TABLE 1. Growth of nine species of fungi on glucose agar, grown in association with 
six species of Actinomyces, expressed in terms of average diameters, in 
millimeters, of at least four cultures 


Actinoinycetes 


Fungi 

Age of fungous 
colonies in days 

Control 

A. halstedii 

A. virido- 
chromogenus 

A. ftavovirens 

A. gougeroti 

A, annulatus 

A. madurae 

Phycomyces I 

3 

73x76 

64 X 68 

68x72 

62 X 70 

5x11 

46x62 

\ 41x66 

hlalcesleeanus 

5 

00 X 00« 




8 x'39 




10 






8 X 90 



A ca n th orhyn ch us 

3 

11 xl3 

15x16 

15x16 

16x16 

5x5 

17x18 

']5xl7 

vaccinii 

5 

16x20 

25x30 

30x31 j 

28 X 30 

10x13 

26x32 

23x32 


10 

32 X 32 

. 



16 X 35 



Sclerotinia 

3 

25x27 

35 X 45 

45x40 

45x45 

11 X.30 

25x39 

: 17x45 

sclera liorum 

5 

90x90 




20 X 90 

34x90 



10 




i 

26 X 90 



Glomerella 

1 3 

38 X 38 

32x40 

32x36 

1 34 X 36 

14x21 

29x35 

19x38 

cingulata 

1 5 

72x73 



1 

1 7 X 40 

38x68 

29x73 


10 





24x83 



Phoma hetae 

3 

30 X 30 

31 X 32 

29x29 

28x29 

9x12 

27x31 

20 x.30 


5 

59 X 59 

' 

34x58 

34x58 

11x20 

35x58 

29x58 


10 




36x90 

15x50 

. 


Botrytis 

3 

28x27 

27X30 

29x29 

29x33 

7x8 

24x29 

i 16x29 

cincrea 

5 

70x70 




33x76 

17x24 

33x75 

1 24x73 


10 






28 X 90 


1 36x90 

Alternaria 

3 

33x32 

31x32 , 

32x35 

31x32 

8x16 

25 X 32 

1 23x33 

solani 

5 

57 x 58 

' 


36x58 1 

16 X 30 

36x58 

30x58 


10 







20 X 72 




Stereum 

3 

14x15 

15x16 

21x20 

18x18 

8x10 

16 X 16 

14x14 

gausapatum 

5 

33x33 

27x30 

43x49 

30x43 

13 X 19 

35x35 

31x38 


10 

70x70 

; 


38 X 90 

21x57 




Pomes 

3 

9x9 

10x10 1 

10x10 

10x10 

trace 

10x10 

10x10 

fraxinophilus 

5 

18x18 

16>«19 i 

21x21 

18x18 

7x8 

20 X 20 

17x20 


10 

1 42x42 

35x40 

i 

33x37 i 

16x16 

37x44 

30x42 


« 90 X 90 denotes that the whole surface of the agar is covered with fungous growth. 
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poured into each Petri dish. Six plates were inoculated for each test as 
well as six controls for each funj^us. Bach fijijure presented is based on 
the avera{:^e of at least four plates. Two measurements of the diameter of 
each funf^ous colony were taken at intervals of 24 hours bej?inninf>: 2 days 
after the inoculation of the fungus and continuing: for 8 days, or until 
the funj?ous and Acimomyces colonies were in contact. 

RESULTS 

The measurements obtained as outlined above are summarized in table 1. 
The first figure represents the average diameter of the fungous colony in 
the direction of the Aetmoniyces colonies. This figure itself, in table 1, 
sometimes exceeds 40 mm., which is the distance between the Actinomyces 
colonies, because the fungous sometimes grows over the Actinomyces or 
completely surrounds it, in the interval between 24-hour measurements. 
This may happen even after temporary inhibition of fungous growth by a 
weak inhibitor has taken place. The second figure represents the average 
diameter of the fungous colony at right angles to the first. At the first 
signs of inhibition, the distance between the fungus and Actinomyces was 
measured on both sides and the average recorded as ^‘inhibitory distance 
(2). Inhibitory distances between various combinations of fungi and 
actinomycetes are summarized in table 2. 


TABLE 2. Arcrafje inlnhitory rlistmiers hrtween 6 fiprcies of Actinomyces and 9 species 
of f tiny if expressed in millimeters 


Fungi 

A. halstedii 

A . viridoch romogen us 

A. anmdatus 

A.madurae \ 

A. fiavovirens 

A. goiigeroti 

Phyeomyees blakesleeanns 

0 

0 

6 

5 

3 

15 

Acanthorhynchns vaecinii 

7 

0 

8 

9 

6 

15 

Selerotinia sclerotiorum .... 

1 

0 

7 

12 

1 

15 

Glomcrella cingulata 

1 

3 

9 

11 

1 

13 

Phoma betae 

1- 

1 

5 

12 

2 

14 

Bofrytis einerea 

5 

0 

7 

13 

3 

16 

Alternaria solani 

0 

1 - 

5 

11 

1- 

13 

Sterevm gausapatnm 

5 

1- 

0 

* ^ 

3 

13 

Pomes fraxinopMlns 

9 

2 

3 

10 

3 

15 


DISCUSSION 

Employing the same standards as in previous experiments (1), i.e., classi- 
fying actinomycetes as “strong inhibitors” if the inhibitory distance at 
•which they become effective is 10 or more millimeters, and as “weak in- 
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hibitors*’ if the inhibitory distance is less than 10 mm., we may now reclassify 
the six species used in these experiments with respect to their effect upon 
the {growth of the nine fungi against which they were tested. 

The four aetinomycetes selected from those which inhibited C. 
glocosporioides in previous experiments (1), also inhibit the nine fungi 
employed here with the exception that A. annulatm fails to inhibit 8. 
gansapatnm. 

A, halstedii and A, viridochromogenus, which had been classified as 
non-inhibitors of C. gloeosporioidcs (1), may or may not inhibit other 
fungi, but when they do inhibit, they do so weakly, as shown by their 
inhibitory distances. An exception is found with A. halstedii against F, 
fraxhiojMhts, between which the inhibitory distance is rather great; this 
is shown in table 2. ' 

There was considerable discrepancy in the behavior of strong and weak 
inhibitors against various fungi. A. annulatus, which was selected as a 
strong inhibitor, proved to be a weak inhibitor in all tests but one in which 
it failed to inhibit the growth of the fungus. On the other hand. A, madurac, 
also selected as a strong inhibitor, proved to be a strong inhibitor in six 
tests and a weak inhibitor in three (table 2). A. flavovirens and A. gougeroti 
were selected as weak inhibitors on the basis of their effect on C. gloeo- 
sporioides (1). A flavovirens was a weak inhibitor of all other fungi as well, 
but A. gougeroti proved to be a very strong inhibitor of all other fungi 
employed in these exi)eriments (table 2). ^ 

In evaluating the results discussed above, it ihiist be borne in mind that 
no natural dividing line exists between so-called strong and weak inhibitors, 
and that the inhibitory distance of 10 mm. which is used as a dividing line 
between the two (‘.ategories has been selected arbitrarily. As shown in table 
2 the inhibitory distances vary from less than 1 to 16 mm. 

It will be noted from the figures presented in table 1, that, in some cases, 
the fungi, notably Acanthorhynchiis vaccinii seem to grow better in the 
presence of some aetinomycetes than in the control plates; in spite of that, 
inhibitory distances between colonies of these organisms are recorded in 
table 2. A further examination of the figures in such cases will show that the 
diameter of the fungous colony between the Actinomyces colonies (first 
figure) is considerably smaller than the diameter at right angles (second 
figure), showing that as the margin of the fungous colony approached 
the Actinomyces its rate of growth was retarded as compared to the rate 
of growth at right angles. Furthermore, such fungous colonies were gen- 
erally distinctly fiattened on the sides nearest the Actinomyces colonies leav- 
ing no doubt as to the inhibitory action taking place. Photographs of this 
effect have been published in a previous article (2). 

On the other hand, the fact that in some cases the fungus grows better, 
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in at least one direction, in the presence of the Actmomyces than in the 
controls, may very well be an indication of the presence of growth stimulat- 
ing substances secreted in the agar in addition to, or instead of, the inhibitory 
substances. That such growth stimulating substances are manufactured by 
various microorganisms is well established. This phase of the problem is 
being investigated. 

SUMMARY AND CONCLUSIONS 

1. Actinomycetes differ in their ability to inhibit the growth of a given 
fungus in culture under the conditions of the experiment. 

2. Fungi differ in their su.sceptibility to inhibition by a given species of 
Actinomyces. 

3. The degree of inhibition of fungous growth is a function of both the 
fungus and the inhibiting organism. 

4. No correlation seems to exist between the normal rate of growth 
of a fungus and the degree of its inhibition by a given Actinomyces. 

5. No correlation seems to exist between the relative position of a fungus 
in the accepted system of classification and the degree of its inhibition by 
a given Actinomyces. 

6. There is some evidence that some of the species of Actinomyces em- 
ployed in these experiments, may be manufacturing a growth promoting sub- 
stance in addition to, or instead of growth inhibiting substances. 

Department of Biology, Kent State University 
Kent, Ohio 
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A POLLEN STUDY OF LAKE SEDIMENTS IN THE LOWER 
WILLAMETTE VALLEY OF WESTERN OREGON^ 

Henry P. Hansen 

The occuiTonee of peat deposits beyond the limits of Pleistocene jrlacia- 
tion in the Pacific Northwest is uncommon. Sphaf^num boj?s are rare except 
along the Pacific Ocean where the moist, ecpiable climate is favorable for 
their development. Tn the Willamette Valle.v of western Oregon, the small 
amount of precipitation during the growing season is probably the chief rea- 
son for the absence of spliagnum bogs. The autlior has made a pollen study 
of the only extensive one known to exist in this area (Hansen 1941a). KSedge, 
tule, reed, and cal -tail swamps or bogs are also uncommon, but they may be 
occasionally found on floodplains, in abandoned stream channels, and in 
oxbow lakes. Many of these areas liave been drained for agricultural pur- 
poses, and often practically all evidence of their previous existence lias been 
obliterated. Floodplain assoeies of willow, cottonwood, alder, ash, and large- 
leaf maple also mark tlie presence of liydroseres that are rapidly nearing the 
climax stage of plant succession. Many of these areas are merely alluvial 
floodplains where the water table remains sullficiently high during the sum- 
mer to ])ermit the growth of moisture-loving species. Few of these areas, how- 
ever, have an accumulation of [leat or other pollen-bearing sediments suit- 
able for the jiurpose of iiollen analysis. It is fortunate, therefore, that several 
peat deposits satisfactory for pollen analysis arc present in the lower Willa- 
mette Valley. Their pollen record serves as a valuable accession to the prob- 
lem of post-Pleistocene forest succession and climate in the Pacific North- 
west. The Willamette Valley is a rather distinct floristic province within an 
otherwise more or less homogeneous hemlock-cedar forest (dimax of this 
region. 

ORIGIN AND chronology OF THE SEDIMENTS 

The peat profiles for this study were obtained from two different deposits. 
Two profiles were obtained from the Labish Flats, located about 4 miles 
northeast of KSalem, Oregon. Ijake Labish was formerly a shallow lake before 
it was drained in 1912 for agricultural purposes. The lacustrine sediments 
cover an area about 9 miles long and one-half mile wide. The elevation is 
between 140 and 150 feet above sea level. The upper end of the former lake 
is separated from the Willamette River by a divide not over two miles wide 
and about 30 feet high. The width and depth of the channel and the adjacent 

^ Published with the approval of the Monographs Publication Committee, Oregon 
State College, as Research Paper No. 53 of the School of Science, Department of Botany. 
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topography indicate that it is an abandoned course of the Willamette River. 
The channel was probably occupied by a distributary of a braided stream. 
The lake was evidently ponded by a delta deposited by the Puddinj? River. 
Later the Willamette River receded and the present channel carried its 
water. The Piiddinjr River follows the old Willamette Channel from the 
lower end of Lake Labish, emptyiiiji: into the present Willamette River far- 
ther north and downstream. The level of Lake Labish was maintained by 
smaller streams debouching*: into it. One of them is now the Little Puddinjr 
River.- Peat samples of the profiles were taken at (piarter-meter intervals 
with a Hiller peat borer. One profile was taken in section 31 of T. 6 S., R. 
2 AV., and the other was obtained in section 21 of the same township. The 
de])th of the lacustrine sediments in both ])rofiles is 7 meters. The depth has 
been somewhat reduced since drainajre, by consolidation, oxidation, and de- 
flation. The surface of the sediments has been lowered by at least 3 feet, and 
undoubtedly some of the original surface has been lost throufrh deflation. 
Shoi'clincs of the orij>:inal lake exist from 15 to 25 feet above the present sur- 
face. The lowest level sampled consists of fine sand and silt which trades into 
clay at ().5 meters. The clay chanjres to jrray-brov/n sedimentary i^eat at 5 
meters, which in turn grades into brown fibrous peat at 4 meters. The last 
type continues to the surface and becomes coarser upward in the profiles. 
Roth ])i*ofiles are essentially the same with respect to the thickness of the 
various types of sediments. Hypnitm moss leaves are ])resent throujrhout the 
fibrous ]ieat. A layer of ])umi(‘e less than an inch thick occurs at 1.75 meters 
in both profiles. It is not i)ossible to state the source of the pumice because 
there have been several active vol(»anoes in the Cascades of Orejron diirinjr 
the ])ost-Pleistocene (Williams 1935, 1941). A boj*: about 13 miles west of 
Bend, Oregon, has two layers of pumice, while bojrs farther south in the 
Cascade Raujre rest on a thick mantle of pumice. The latter evidently came 
from the eruption of Mount Mazama, which resulted in the formation of the 
caldera holdin**: (h*ater Lake. 

A third ])rofile of lacustrine sediments was sampled at Onion Flat, about 
2 miles northeast of Sherwood, Orefron. This deposit lies about 30 miles north 
of Lake Labish, and 10 miles south of Portland, at an elevation between 130 
and 140 feet above sea level. The peat and other pollen-bearing sediments 
have accumulated in a former channel of the Tualatin River which rises in 
the Coast Ranjre to the west and empties into the AA^illamette River about 2 
miles south of Oregon City.-^ Samples were obtained in section 21 of T. 2 S., 
R. 1 W. The depth of the sediments in the area of sampling? is 12 meters. This 
bof? has also been drained and the present surface is not that which existed 
before drainage. The bojr is underlain with sand and "ravel which jrrade into 

^ U. S. Geol. Surv. Topogr. map, Mount Angel Quadrangle, Oregon. 

U. 8. Geol. Surv. Topogr. map, Oregon City and Tualatin Quadrangles, Oregon. 
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silt at 12 meters. Pine clay with considerable orj^anic matter present occurs 
from 12 to 9 meters. The stratum between 9 and 5 meters consists of a j?ray- 
brown sedimentary peat, and fibrous peat is present from 5 meters to the 
surface. The surface sediments seem to have been more oxidized than those at 
Labish Flats. No definite stratum of pumice or ash is discernible with the 
naked eye, but volcanic jrlass is abundant at 0.5 and 0.75 meters. This sii^- 
frests that a greater thickness of surface sediments has been removed than 
at Labish Plats, where the pumice layer occurs at 1.75 meters. It is probable 
that the pumice and {?lass had the same orijrin. In none of the profiles, there- 
fore, is the forest succession recorded by tree pollen to the present time. 
Each year the surface is plowed, so that the upper several inches of peat ar( 
not suitable for pollen analysis. The uppermost sample of each ])rofile waj 
obtained from the hif?hest undisturbed horizon. 

Peat deposits formed in depressions lyiuf? on jrlaciated sites may be 
readily dated with their maximum ajres. The Willamette Valley, however, 
was not f^laciated durinjr the Pleistocene. The mountain glaciers in the Cas- 
cade Kangre a few miles to the east apparently were of insufficient ma<rnitude 
to reach the Willamette Valley, nor was the Coast Kaufre to tlie west jrlaci- 
ated (Penneman 1931). During: the melting: of the last stag:e of the Wiscon- 
sin g:lacier, the Willamette Valley was inundated by backwater from the 
glacier-swollen Columbia River (Bretz 1919). The water reached a height 
of several hundred feet above the valley floor as is evidenced by the occur- 
rence of ice-rafted erratics (Allison 1935). This inundation suggests that 
any peat deposits or other types of lacustrine s'ediments on the Willamette 
Valley floor are of postglacial origin. As previously stated, Lake Ijabisli was 
ponded in an abandoned channel of the Willamette River, probably a dis- 
tributary of the main stream when it carried a greater volume of water 
than at present. The Onion Plat sediments were deposited in a former chan- 
nel of the Tualatin River, although it apparently was not an oxbow left by a 
meandering stream. It was probably formed when the Tualatin River carried 
a greater volume of water than the main channel could hold, and spilled over 
as a distributary to further erode small tributary valleys. Tliese channels 
must have been occupied by their respective streams when there was con- 
siderably more water available from their hydrographic basins than at 
present. This probably occurred during the early post-Pleistocene when there 
was heavy precipitation as well as an abundance of meltwater from wasting 
mountain glaciers. It is hard to say how long these channels were occupied by 
their respective streams. If they were abandoned vSoon after the recession of 
the continental ice sheet to the north and subsidence of glacial water in the 
Willamette Valley, the sediments of this study had their initiation in early 
post-Pleistocene. The 12-meter depth of the Onion Plat profile and the forest 
succession recorded in the lower half suggests that this is probably true. 
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Twelve meters of sediments, larf^ely organic, are of considerable magnitude, 
especially in the Willamette Valley where the summers are dry and far from 
the optimum for the maximum rate of peat deposition. The average depth 
of 16 post-Pleistocene peat deposits west of the Cascades in Oregon, Wash- 
ington, and British Columbia is about 31 feet, as shown by profiles in a study 
by Kigg and Richardson (1938). Most of these deposits lie in regions climati- 
cally favorable to rapid peat accumulation. It is realized that climate is not 
the only factor that controls the rate of organic sedimentation, but peat 
deposits in the dryer regions east of the Cascades, in Washington, average 
about 19 feet in depth (Hansen 1941g). The depth of the Onion Flat sedi- 
ments is almost twice that of Labish Flats. The rate of peat deposition may 
vary in the same region, but the relative thickness and ])roportions of clay, 
sedimentary, and fibrous peat indicate that the former represents a longer 
period of time, and not merely a more rapid rate of sedimentation. The thick- 
ness of sedimentary peat is about 4 meters, whereas that of Lake Labish is 
only 1 meter. Sedimentary peat probably has the slowest rate of deposition 
of the several types of sediments present, and such a great difference in its 
thickness in the two profiles suggest a much earlier origin for the Onion Flat 
sediments. The thickness of fibrous peat is also much greater in the latter 
profile. The writer believes that the sediments of Onion Flat were initiated 
much earlier than those of Lake Labish, and that they date from extremely 
early post-Pleistocene. 

In preparation of the sediments for microscopic examination, the potas- 
sium hydrate method was used. One hundred or more pollen grains of indi- 
cator species were identified from each level. The nund)er of pollen grains of 
nonsignificant species was also recorded and listed in the tables. P^ew or no 
pollen grains are present in the levels of the bottom meter of the Labish 
profile. These horizons are not included in the tables or pollen profile dia- 
grams. The identification of the winged conifer pollen was based upon the 
size range of the pollen of the several species within each genus. This method 
has been described by the author in several previous papers (Hansen 1941a, 
1941b, 1941d). No attempt was made to separate the pollen of Sitka spruce 
{Picea sitchensis) from that of Engelmann spruce (P. Engelmanni). It 
probably consists chiefly of the former, which is abundant along the coast a 
few miles to the west, while Engelmann si)ruce is largely confined to the 
upper sloi)es of the east side of the Cascade Range. Those species recorded by 
their pollen as 1.5 per cent or less are listed in the tables as 1 per cent. 

FORESTS IN ADJACENT AREAS 

The Willamette Valley is from 25 to 30 miles wide and about 125 miles 
long. It lies within the Humid Transition life zone (Bailey 1936). It is also 
included in the hemlock-cedar climax of the Coast Poorest (Weaver and 
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Clements 19.38), but because of the low summer rainfall the forests are few 
and scattered. Little or no western hemlock {Tsuga heterophylla) and west- 
ern red cedar {Thuja plicata) are present. The valley is intensively culti- 
vated mid most of the virtriu forests have been removed, but the coniferous 
forests were never as dense as those of either the Ckiast and (/ascade Hanses 
(Peck 1941). The princijial coniferous species is l)ou[::las fir {Psendotsuga 
tajrifolia) which j»tows on slopes and better drained areas. Oregon white oak 
(Quercus garrgana) is the chief broadleaf tree, and usually occurs in proves. 
It is difficult to say what the successional relationship is between these two 
s])ecies, because they are often found ^rowin^ toj»:ether. The chief other 
coniferous species ])resent is lowland white fir {Ahics graudis) which thrives 
in low areas alonj? the streams or other moist habitats. Farther south scat- 
tered specimens of western yellow pine {Piuus poudcrnsa) occur, while in 
certain localized areas proves of this species exist. On the floodplains of 
streams and other moist sites ^row associes of cottonwood (Populus tricho- 
carpa), willow hisiandra) , Ore«:on asJi {Fraxinus oregaua). red alder 

{Ahius rubra), lar^^eleaf maple {Acer macrophyllum), and vine maple {A. 
circiuafum). It can be seen tliat the forests of the Willamette Valley are 
abundant neither in extent nor in the number of species. 

The eastern sloiie of the Coast lianj^e is forested larj^ely witli Douglas 
fir with an occasional hemlock. The summers are a[)parently too dry for the 
latter species to thrive. Pollen analysis of a sphafrnum bojr in the east foot- 
hills of the Coast Kan<i:e and farther to the south shows that hemlock liasrnot 
been nearly so abundant as I)ouj>las fir during that" part of the postjrlacial 
])eriod represented by the peat deposit (Hansen 1941a). On the west slope 
of the Coast llan^e the precipitation increases and westeiai hemlock becomes 
more abundant at the expense of Douglas fir. Alonjr the coast is a stri[) com- 
posed largely of Sitka spruce and western hemlock, and alon*? the immediate 
ocean on the stabilized sand dunes and other sandy soil thrives lodjicpole or 
shore pine {Piuus contorta). Pollen analyses of two bo* 2 :s on the ()re<?on 
Coast show that western hemlock and Sitka spruce have been predominant 
during the post-Pleistocene (Hansen 1941d). On a few of the hij::her peaks 
of the Coast Ran^e noble fir (Abies nobilis) occurs, while western white ])ine 
{Piuus monticola) and silver fir {A. amabilis) have been recorded at several 
stations in the northern part. On the western slope of the Cascade Rantre 
facinji: the northern part of the Willamette Valley, the forests are composed 
chiefly of Dou^ylas fir, with western hemlock increasing? in abundance with 
the altitude. Also at hi<?her elevations thrive western white pine, silver and 
noble fir, lodjrepole pine, Avestern red cedar, and Enf?lemann spruce. The last 
is not so common on the west as the east slope. Near timberline, mountain 
hemlock {Tsuga Mertensiana) , alpine fir {Abies lasiocarpa) , white-bark pine 
(P. albicaulis), and Alaska cedar {Chamaecyparis nootkatensis) flourish. 
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The presence of pollen in the sediments from all or most of these species 
justifies the mention of their occurrence in adjacent areas. Less significant 
species, as far as pollen analysis is concerned, that thrive on favorable sites 
in the Willamette Valley and adjacent slopes of the Coast and Cascade 
Mountain Range are Arbutus mefisirsii, Castnywpsis chrysojAiylla, Corylus 
calif or nicay Myrica calif ornica, Cornus occidentalism Osmaronia cerasiformis, 
Philadelphus (jordonianus, Amelanchicr floriday Primus emaryinata, Ceano- 
thus sanguineus, Crataegus douglasii, Symphoricajjos albus, and Bibes san- 
guineum. 

Forest Type i\Iaps (1936) designate the Willamette Valley as non-for- 
ested and agricultural lands, and the adjacent mountain slopes as Douglas 
fir types of various size classes. It is also included in the Pacific Douglas 
fir forest under the classification by Shantz and Zon (1924). Over most of 
the liemlock-cedar climax west of the Cascades, Douglas fir is a subclimax 
species that has been able to persist as one of the chief dominants because of 
jieriodic fires (Mnnger 1940). In western Oregon, however, western hem- 
lock is almost absent and Douglas fir is not likely to be replaced by the former 
even if no periodic fires occur. The climate is too dry. It would be hard to 
say what the climax vegetation is for the Willamette Valley, but it appears 
that the climate and edaphic conditions are such as to form a tension area 
in which Douglas fir and white oak are in ecpiilibrium at present. An increase 
in summer rainfall probably would permit an increase in Douglas fir as sub- 
climax to western hemlock, while a decrease in the annual precipitation would 
perhaps cause a trend toward an oak-grassland sere. 

The Willamette Valley is designated as having a humid microthermal 
climate, with a summer deficiency of precipitation (Thornthwaite 1931). 
The average mean annual rainfall for five stations in the valley, within a 
radius of 25 miles to both bogs, is 43.5 inches. About 10 per cent of this occurs 
during May to August, inclusive (Weather Bur., U.S.D.A., 1936). The 
elevation of these stations ranges from 400 to 57 feet above sea level. At 
(llenora, in the northern part of tlie Coast Range, and less than 50 miles 
from Onion Flat, the mean annual precipitation is 130 inches. At Govern- 
ment Camp on Mt. Hood, at an elevation of 3800 feet and about 60 miles 
from either peat deposit, the annual mean precipitation is about 85 inches. 
Thus the Willamette Valley is bordered by areas with very moist climate, 
which has undoubtedly influenced the pollen record of the forest trees in the 
peat profiles. Tlie general direction of the wind during the period of anthesis 
is westerly, which suggests that the forests of the Coast Range are more 
strongly represented than those of the Cascades. This is also somewhat cor- 
roborated in the pollen jirofiles themselves. 

FOKEST SITCCESSION 

There is no reason to assume that the Willamette Valley, the Coast Range, 
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and unglaciated parts of the Cascades were not forested during the Pleisto- 
cene when areas to the north were covered with ice. Forests grow to the edge 
of mountain glaciers at present, and even upon certain glaciers in Alaska 
(Washburn 19li5). The climate of the Pleistocene during continental glacia- 
tion, however, may have been more severe, but it was probably sufficiently 
mild in western Oregon to support forests. The forests that existed within 
range of pollen dispersal to the site of Onion Flat during the time repre- 
sented by the lower 6 meters of sediments were composed almost entirely of 
lodgepole pine, Sitka spruce, and lowland white fir (fig. 1). Lodgepole pine 



proportions fluctuate from 24 to 50 per cent with an average of about 40 
per cent. Sitka siiruce fluctuates from 8 to 40 per cent and lowland flr varies 
from 10 to 40 per cent. While the pollen percentages of lodgepole pine run 
higher than those of spruce and flr, it does not necessarily mean that it was 
predominant, since lodgepole sheds a greater quantity of pollen than Sitka 
spruce, and probably more than lowland white fir. Tt is interesting to note 
that lodgepole pine and Sitka spruce are entirely absent from the Willamette 
Valley and the east slope of the Coast Range at present. These two species 
may be over-represented by their pollen because of its transportation by 
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water. The Tualatin River rises in the Coast Ranjjre so that its drainajre area 
is in proximity to the spruce and lodjrepole forests of the Pacific Coast. 
During high water in the spring the Tualatin River may have spilled over 
into its former channel occupied by the accumulating Onion Flat sediments. 
Pollen from the coast forests reached the streams and were carried into the 
lake and incorporated with the sediments. The relatively low proportions of 
western hemlock pollen in these horizons, however, do not substantiate this 
theory, or perhaps hemlock was not as abundant during early post-Pleisto- 
cene as it is today on the coast. It was apparently predominant during most 
of the post-Pleistocene on the Oregon Coast (Hansen 1941d). 

Lodgepole pine continues its predominance upward in the Onion Flat 
profile to the 3.75 meter level. It is also recorded by its pollen as the principal 
species with fir and spruce in the lower 2.5 meters of the Lake Labish profiles 
(figs. 2, 3). As previouslj^ stated, the greater depth of the Onion Flat profile 



indicates a longer period of time for its sedimentation than that of Lake 
Labish. It seems jiossible that the upper 7 meters of the former are contem- 
poraneous with the entire Lake Labish profiles. They also are 7 meters deep, 
but, as stated above, the lower meter is practically devoid of pollen. The 
pollen spectra of the principal species recorded correlate remarkably well in 
the upper 6 meters of all three profiles, which substantiates the theory of 
their synchronism. The predominance of lodgepole pine for such a long 
period of time as portrayed in the Onion Flat profile is significant. In several 
other bogs analyzed for their fossil pollen that lie beyond the glaciated 
region, lodgepole pine is not recorded as the predominant species in adjacent 
areas (Hansen 1939c, 1941a, 1941c, 1941d, 1941f). This suggests thkt the 
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adjacent forests had reached a climax when the lowest pollen-beariiif? sedi- 
ments were deposited or had remained more or less stabilized duriiif? the 
{glacial period, or at least during: the latter part. The forests apparently had 
not been destroyed during: g:laciation nor had conditions favorable for an 
invasion by lodg:epole developed. This was true even along: the Oreg:on Coast 
where lodg:epole pine thrives at present (Hansen 1941d). In a bog: farther 
south in the Willamette Valley, in the east foothills of the Coast Rang:e, 
Douglas fir is recorded as having been ])i’edominant during the entire period 
represented by the profile (Hansen 1941a). Either the sediments do not 
record all of the postglacial, or lodgepole was not abundant in this region 


Depth in meters 
0.1 



% 20 20 40 60 60 10 20, 20 20 40 

ng.3. Pollen Profiles. La He Ladtsh. no, 2, 


at any time during the post- Pleistocene. In other peat deposits that lie within 
the glaciated region, lodgepole pine was the predominant species recorded in 
the bottom sediments. As these sediments are usually sand and silt, it seems 
probable that pioneer postglacial forest succession was recorded. It is be- 
lieved that lodgepole pine flourished near the ice-front because of lack of 
competition of other species for which the climatic and edaphic conditions 
were unfavorable. As the environment became moderated and somewhat 
stabilized, other species invaded and replaced lodgepole because of its greater 
intolerance for shade and shorter life span. This was evidently true both east 
and west of the Cascade Range in Washington (Hansen 1938, 1939a, 1939b, 
1940a, 1940b, 1941b, 1941e). The comparative absence of Douglas fir and 
western hemlock in the lower horizons of all profiles suggests that the edaphic 
and climatic conditions were unfavorable for these species. The high propor- 
tions of Sitka spruce and lowland white fir, both moisture-loving species, 
suggests that the climate was very wet. Heavy precipitation and melting of 
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the glaciers in the Cascades may have resulted in erosion in the hills and 
inundation in the valley, with constantly changing edaphic and topographic 
conditions. Lodgepole pine was able to survive in abundance because of its 
ability to live under an adverse climate and unstable edaphic conditions, 
and its early seed-bearing age. The latter characteristic permits it to migrate 
more readily and re-establish itself under changing edaphic and topographic 
conditions than the other species. This is evidenced by its invasion of pumice- 
covered areas in the Cascades of southern Oregon, burns, sphagnum bogs, 
and sand dunes along the Pacific Coast. The pollen percentages of lodgepole 
pine generally decline upward in all profiles from their maxima in the lower 
levels and become negligible in the upper horizons (figs. 1, 2, 3). Sitka spruce 
and lowland white fir are most abundantly recorded in the lower levels of 
the Labish profiles as well as in the other. In one of the former they both 
show higher proportions at several levels than lodgepole pine (fig. 3). Spruce 
is the first to show a decline and it is I’ccorded by negligible percentages in 
tlie ui)per 3 meters of all profiles. Lowland white fir maintains higher pro- 
portions in the higher horizons, indicating that conditions remained more 
favorable nearer to the present time for this species than for spruce. Low- 
land white fir is common in the Willamette Valley today, and is recorded to 
16 per cent in the top level of one of the Labish ])rofiles (fig. 2). 

Douglas fir is recorded by its pollen in low proportions in the lower 7 
meters of the Onion Plat profile with a maximum of 5 per cent at 3 levels 
(fig. 1). It likewise is represented by slight percentages in the lower horizons 
of the Lake Labish profiles (figs. 2, 3). This is consistent with its trend in the 
Puget Sound region (Hansen 1938, 1940a, 1941b). It increases sharply from 
4.75 meters in the Onion Flat profile and from 5 and 5.5 meters in the others, 
to attain 74, 69, and 80 per cent respectively in the uppermost level. In its 
general increment upward toward the top, Douglas fir shows a number of 
fluctuations of considerable magnitude. The greatest of these variations 
occurs conversely with those in the pollen spectra of Oregon wfliite oak and 
will be discussed later. Bogs located within the hemlock-cedar climax of the 
Coast Forest in the Puget Lowland of western Washington show Douglas fir 
as rapidly replacing the pioneer forests of lodgepole and western white pine 
(Hansen 1938, 194()a, 1941b). It was in turn replaced more gradually by 
western hemlock to some extent, but was able to persist in ecpial abundance 
with the latter, owing to periodic fires that interrupted forest succession 
toward the hemlock-cedar climax. It did not, however, attain so high propor- 
tions as in the profiles of this study. In eastern Washington, Douglas fir has 
played a minor part in postglacial succession because of the dry climate 
(Hansen 1939b, 1940b, 1941f). On the Pacific Coast of Oregon and on the 
west side of the Olympic Peninsula it also has been unimportant in the forest 
complex during the post-Pleistocene (Hansen 1941c, 1941d). Douglas fir has 
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been predominant on the east slope of the Coast Range in west central 
Oregon during most of the postglacial period (Hansen 1941a). 

The pollen of white oak does not make its appearance in the lower levels 
of the profiles. In the Onion Flat profile it is first recorded at 4 meters by 1 
per cent, and in the others at 4.57 and 4.75 meters with 10 and 4 per cent 
respectively (figs. 1, 2, 3). The fact that this species is not recorded by its 
pollen in the lower levels in the Onion Flat profile is further evidence that this 
profile represents a niucli longer period of time. Oak soon increases sharply 
after its initial appearance, being recorded as 35 per cent at 2.75 meters in 
the Onion Flat profile, and 35 and 40 per cent at 3 and 3.25 meters respec- 
tively in the Lake Labish sediments. In the latter, Douglas fir shows abrupt 
declines at these same levels. Oak then precipitately declines to 22 per cent 
ill the Onion Flat profile at 2.5 meters, and to 14 and 18 per cent dt 2.5 and 
2.25 meters respectively in the other two. It again increases to 65 per cent 
in the former at 1.5 meters, and to 37 and 43 per cent at 2.25 and 2 meters 
respectively in the Lake Labish sediments. These are the highest proportions 
attained in the white oak spectra. That these maxima are all approximately 
synchronous is denoted by the occurrence of the pumice layer immediately 
above in the Labish profiles and slightly higher in the other (figs. 1, 2, 3). 
The general trend of Douglas fir increment is again interrupted at the oak 
maxima, showing a decline to less than the oak proportions in the Onion 
Flat and one of the Labish profiles. It should be noted that this increase and 
decrease of oak and Douglas fir respectively are not merely relative. There 
is an actual decrease in the frequency of Douglas fir pollen at these horizons. 
White oak declines from these maxima, and is recorded by 13, 3, and 12 per 
cent in the uppermost horizons. In a bog near Tacoma, Washington, located 
on the Tacoma prairies,’^ oak is recorded by its pollen to as high as 14 per 
cent in the middle horizons of a 10.5 meter peat profile (Hansen 1938). This 
area is characterized by scattered groves of white oak on the gravelly soil of 
the outwash plain from the Vashon glacier of the Puget Sound region. The 
oak maximum in this bog may be syuichronous with those of this study. It 
seems possible that white oak is under-represented, because of the vast areas 
on either side of the Willamette Valley forested with Douglas fir, while oak 
is and probably always has been confined to the valley. Also from the writer ^s 
observations it seems probable that oak does not produce as much pollen as 
Douglas fir. 

Western white pine is recorded by its pollen to higher proportions in the 
lower levels of all profiles and declines to only a trace near the top (tables). 
This trend is consistent with that of most peat profiles west of the Cascade 
Range. Western hemlock is the most abundantly recorded of the other 
conifers. In the Onion Flat profile it attains its greatest abundance in the 
middle horizons, as it does in one of the others. In the third, it shows its 
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TABLE 1 

Fcrcc7da(fc8 of FoshU Pollen, Onion Flat Profile 
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•Number of pollen grains; not computed in tho percentages. 
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highest frequencies in the lower two-thirds. Its maximum is 15 per cent in 
any of the profiles (tables). The climate has probably been too dry for this 
species in the Willamette Valley. In the Puget Lowland it partially replaced 
Douglas fir, to become equally abundant during the latter half of the post- 
glacial. Mountain hemlock is appreciably recorded in the lower two-thirds 
of the Onion Flat profile, and to only a trace in a few levels of the others 
(tables 1, 2, 3). Neither western nor mountain hemlock shows a trend that 
correlates with the spectra of the other species. Pollen of the latter probably 
drifted down from higher altitudes in the Cascades, or less probably from 
the northern part of the Coast Range. Western yellow pine is recorded 
sporadically in the lower horizons and more consistently in the higher levels. 
This trend differs from that in the bog farther south in the Willamette Val- 
ley, where it is more abundantly recorded in the lower levels (Hansen 
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* Number of pollen grains, not computed in the percentages. 
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1941a). Its trend in this study is more logical, however, because it is the most 
xerophytic of the conifers, and should have increased during later post- 
glacial time, if a drier climate prevailed. Other species recorded by their 
pollen are willow, sedge, yellow pond lily, cat-tail, alder, hazel, ash, and 
maple (tables 1, 2, 3). The first four record the progress of hydrarch succes- 
sion. The scarcity of alder pollen is unusual because it is generally abundant 
in most peat profiles in the Pacific Northwest. In some cases alder seems to be 
correlated with Douglas fir, which suggests that it invades low, damp areas 
that have been denuded by fire (Hansen 1941a). 

CLIMATIC CONSIDERATIONS 

In this study the pollen spectra of Sitka spruce, lowland white fir, Doug- 
las fir, and white oak are the best indicators of climatic trends. Spruce is an 
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indicator of extremely moist eonditions, whereas white oak thrives under the 
driest climate. Lowland white fir is next to spruce in its moisture require- 
ments, and Douj^las fir will survive under drier conditions than either spruce 
or lowland white fir, but not so xeric as oak. Lodpfepole pine is a poor climatic 
indicator because of its wide climatic and ^eo{?raphic ranjre. The predomi- 
nance of its pollen in the lower levels of the Pacific Northwest peat profiles 
marks its invasion of primary areas before the eilaphic and physiojjjraphic 
conditions had been stabilized and sutficiently moderated to permit the 
entrance of other species more tolerant of shade and with a lonjrer life span 
to replace it. Western hemlock thrives under a moist climate, but it is too 
sparsely represented in the peat profiles of this study to serve as a climatic 
indicator. Its low pollen fre(|ueney, however, in itself denotes that too dry 
conditions prevailed for its existence in the Willamette Valley, at Irtist dur- 
injr the latter two-thirds of the post-Pleistoeene. Western white pine is indica- 
tive of a cool and subhumid climate, and mountain hemlock marks at least a 
cool climate. Yellow pine is almost as xerophytic as white oak. 

In the Puget Lowland of western Washington, postglacial forest succes- 
sion has probably been more a result of competition than due to climatic 
cliange. This also seems to have been true of the Oregon Coast and the west 
side of the Olympic Peninsula (Hansen 1941c, 1941d). In drier regions where 
the annual precipitation or summer rainfall is at a critical minimum, 
slight changes may influence forest succession over a period of time. The 
greater response of tree growth in dry areas is shown by comparative studies 
of radial increment in trees living in wet and dry climates (Douglass 1936). 
In dry climates, slight variations in the annual precipitation are readily 
reflected by the width of the annual rings, whereas in moister climates the 
ring width may vary only slightly from year to year, in spite of appreciable 
dilfercnces in the annual rainfall. It is believed that the small amount of 
summer rainfall in the Willamette Valley is responsible for recording more 
definite postglacial climatic trends than elsewhere west of the Cascade 
Range. High percentages of Sitka spruce and lowland white fir pollen in 
the lower half of the Onion Flat profile mark a wet climate during the first 
third of the post-PIeistocene. A continuation of proportions of appreciable 
but lesser magnitude upward in this profile, as well as in the contemporane- 
ous horizons of the lower Lake Labish profiles, marks a persistence of\he 
wet climate for some time longer. The scarcity or absence of spruce pollen 
in the upper horizons of all profiles and the absence of this species east of 
the Coast Range at present, substantiates this interpretation. The predomi- 
nance of lodgepole pine as denoted in the lower strata marks the presence of 
unstable soil and physiographic conditions, possibly caused by increased 
surface water from melting glaciers in the Cascades and greater precipita- 
tion in the valley. This probably resulted in considerable erosion, deposition. 
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inundation, emerj 2 :euce, and other chaiifriiif? environmental conditions under 
which trees requirinj>: 25 years or more to reach seed-bearing: ag:e could not 
persist. The invasion and rapid increase in Dougflas fir sig:nify a drier climate 
and more stabilized edaphic and physioj^raphic conditions as the postgrlacial 
period prog:ressed. Instead of the entrance and development of western hem- 
lock to attain equal abundance with Doug:las fir, as occurred in the Puget 
Lowland, white oak invaded the valley and rapidly increased in its extent 
to supersede Douglas fir at some levels in its pollen proportions. This signifi- 
cant increase at the expense of Douglas fir marks further desiccation of the 
climate. The maximum of this trend was apparently reached just prior to 
the eruption of one of the Cascade volcanoes and the deposition of pumice 
in the accumulating sediments. This period of maximum dryness, as por- 
trayed by the influx of oak, is not corroborated by a simultaneous invasion 
of grasses and composites, such as occurred on the Tacoma ‘‘prairies’^ just 
south of Puget Sound (Hansen 1938). A decline in the pollen percentages 
of oak and a resumption of Douglas fir ])redominace to the uppermost hori- 
zon may mark a cooler and inoister climate in more recent time. 

A general decrease in moisture during the middle third of the post-Pleis- 
tocene is suggested by most of the pollen spectra of Pacific Northwest peat 
])rofiles, with the exception of those in proximity to Puget Sound. Some peat 
dejiosits, however, record more definitely a dry, warm period, succeeded by 
a slight increase in moisture in more i*ecent time. In a bog near Spokane, 
Washington, located in a western yellow pine climax, a sharp increase in 
the proportions of grass, chenopod, and composite pollen about one-third the 
way ujiward in the profile signifies the occurrence of a hot, dry climate 
(Hansen 1939b). These species were later replaced by forests consisting 
largely of yellow pine, suggesting a return of a moister and cooler climate, 
which persisted to the present time. Lake sediments in the Upper Sonoran 
life zone of east central Washington record relative trends of forest and 
grassland succession that depict a gradual drying and warming to a maxi- 
mum, followed by some cooling and greater precipitation (Hansen 1941e). 
Pollen analyses of four profiles of lake sediments from Tjower Klamath Lake 
of southern Oregon and northern California also denote the development of 
a xeric period, followed with an increase in moisture (Hansen 1941g). The 
evidence offered by the pollen profiles is further corroborated by the occur- 
rence of artifacts underlying from G to 8 feet of fibrous peat (Cressman 
1940). The wide distribution of the artifacts over hundreds of square miles 
of the exposed fossil lake bed marks the drying up of the lake and the occu- 
pancy of the lake bed by early man between 7500 and 4000 j^ears ago ( Antevs 
1940). The salinity of certain lakes in the Great Basin is also supporting 
evidence for the occurrence of a xeric period during the postglacial. The 
present salinity of these lakes is such as to have required not over 4000 
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years for its development (Antevs 1938). The lakes had their origin in the 
Pleistocene, dried up during the post-Pleistocene, and their precipitated 
salts were removed by deflation or buried. The present lakes were reformed 
in their freshened basins about 4000 years ago (Antevs 1940) . The drying and 
reforming of these lakes seem to be closely correlated with the disappearance 
and rebirth of most of the western mountain glaciers. Evidence shows that 
the existing glaciers in the Sierras are not remnants of the Pleistocene gla- 
ciers, but those that came into existence only a few thousand years ago 
(Matthes 1939). Their recession and readvance apparently have been more 
or less synchronous with the drying and rebirth of the lakes of the Great 
Basin. Pollen profiles from eastern North America also designate a drying 
and warming to a maximum, followed by a somewhat cooler and moister 
climate (Smith 1940). ' 

STTMMARY 

Three profiles of lake sediments in the Lower Willamette Valley of west- 
ern Oregon record an interesting and significant trend of post-Pleistocene 
forest succession by the forest tree pollen recorded therein. The depth and 
pollen spectra of the Onion Plat profile suggest that sedimentation was 
initiated in early post-Pleistocene, and that it records adjacent forest suc- 
cession from the Pleistocene almost to the present. An unknown thickness of 
the upper sediments has been removed in all profiles, due to drainage and 
cultivation. The Onion Flat profile probably represents a longer period^ of 
time for its deposition than the Lake Labish profiles. ■ 

The earliest recorded forests of the Willamette Valley and adjacent 
slopes of the Coast and Cascade Ranges consisted largely of lodgepole pine, 
Sitka spruce, and lowland white fir. This is extremely significant, because 
the first two species are seemingly absent from the Willamette Valley at 
present. These initial postglacial forests w^ere slowly replaced by Douglas fir, 
which in turn was replaced to some extent by white oak. Douglas fir shows 
a general increase upward in the profiles with white oak, which supersedes 
the former in the upper levels of the profiles. Oak declines to the top after 
it attained its maximum, and Douglas fir resumed its predominance to the 
uppermost level. 

Climatically this trend of forest succession denotes a long period of 
moist conditions with considerable instability of the edaphic and physio- 
graphic conditions. The latter conditions are suggested by the persistence of 
lodgepole pine as indicated by the presence of its pollen in abundance in the 
lower two-thirds of the Onion Flat profile. As the influence of recent glacia- 
tion waned, the climate became warmer and drier, as is evidenced by the 
invasion of Douglas fir, followed by that of white oak. The xeric period 
reached its maximum during the period of oak predominance. The climate 
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became moister and cooler during the latter part of the postglacial The 
small amount of western hemlock pollen in the profiles indicates that the 
initial edaphic and physiographic conditions were too rigorous for its exis- 
tence, and later the climate became too dry for its development to any great 
extent. The evidence for this climatic trend is more definite in this study 
than that offered by other pollen profiles west of the Cascades. Evidence for 
a similar dry period is present in peat profiles east of the Cascades in Wash- 
ington and Oregon. These climatic interpretations are also supported by 
anthropological and geological studies in the Great Basin. 

Department op Botany, Oregon State College 
Corvallis, Oregon 
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VEGETATIONAL STUDIES IN AREAS OF SEDIMENTATION 
IN THE BONNET CARRfi FLOODWAY 

Julian A. Howard and Wm. T. Penfound^ 

INTRODUCTION 

The City of New Orleans was founded in 1718 ''to secure the river and 
Louisiana against covetous Spain and England’^ (La. Writers Project, 
1941). Ever since its founding, the city has been subject to the threat of 
recurrent floods. No comprehensive plan of levee construction, however, was 
begun until 1828, when a severe flood caused legislative action by the State 
of Louisiana (Russell 1036). Although much construction had been accom- 
plished by 1882, the great flood of that year, sweeping through 284 crevasses 
and washing away 56 miles of levee, set the stage for a concerted campaign 
by the State and Federal governments to control the river. The levee sys- 
tem, however, again proved inadequate in 1927, at which time the levee at 
Caernarvon below New Orleans was dynamited to relieve flood pressure on 
the city. This resulted in further flood control projects such as storage reser- 
voirs, cut-offs and artificial floodways. 

One of these artificial floodways is the Bonnet Carre Floodway, located 
at a point some 20 miles upstream from the city of New Orleans. It has been 
constructed in an area where several natural crevasses have occurred. The 
most extensive of these, just above the site of the present floodway, was 
created when the artificial levee was breached on April 11, 1874. This 
crevasse remained open for almost nine years and built up an extensive area 
of alternating ridges and swales. This type of land surface is known as 
"Crevasse topography" and is plainly evident between the present floodway 
and the town of La Place. 

The Bonnet Carre Floodway consists of a one-and-one-half-mile concrete 
weir (spillway), which fronts the river, and two guide levees which extend 
in a Northeasterly direction for a distance of about five-and-one-half miles 
to Lake Pontchartrain. It was first utilized in the winter of 1937 to relieve 
the pressure of the greatest controlled flood in the history of the Mississippi 
River. The spillway was opened on January 29, 1937, and remained open 
until March 17, 1937 (fig. 1). The passage of the flood waters resulted in 

1 The writers are indebted to the New Orleans District Office of the United States 
Army Engineers for permission to make studies in the floodway and for data concerning 
sedimentation. To Faith Pennebaker Mackaness, Tulane University, and Thomas F. Hall, 
Tennessee Valley Authority, for assistance on several field trips the authors express their 
gratitude. They are indebted also to Mrs. Agnes Chase who identified seveaal grasses 
and to Dr. Henry K. Svenson for the identification of a number of perplexing sedges. 
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considerable deposition of alluvium. The sediments were deposited in a 
striking pattern of irregular sand ridges or dunes up to 14 feet in height. 
Since several natural crevasses have occurred in the immediate vicinity these 
deposits are superimposed, in part, on ‘‘crevasse topography’^ of former 
natural diversion channels. 



Fig. 1. The spillway (right) was opened on January 27, 1937, to relieve flood pres* 
sure on the City of New Orleans. (Floodway at left.) 

DISTRIBUTION AND COMPOSITION OF SEDIMENTS 

The bulk of the alluvium was deposited near the spillway, because of the 
decreased carrying power of the flood waters occasioned by the very great 
change in the direction of the flow. Furthermore, low-growing groups of 
trees, shrubs, and vines augmented the deposit and increased the height of 
the ridges, especially on the lake ward side of the masses of vegetation. 

Although the dunes included fine sand, silt, and clay, the coarser sedi- 
ments predominated. Data supplied by the United States Army Engineers 
OflSce reveal the fact that the percentage of finer sediments increased gradu- 
ally with the distance from the weir. It should be pointed out, however, that 
the sediments in areas of slight deposition, even though relatively close to 
the spillway, were much finer than the alluvium of the dunes and swales. 

With the composition of the sediments in mind, stations were selected 
relatively near (1000-1500 feet) the spillway, adjacent to the airline high- 
way (about 9000 feet from the spillway) and in an area of slight deposition 
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on the lakeward side of the airline highway. The components of the soil, as 
determined from surface samples, at these stations are much alike except at 
Station 3, which was located in an area of slight deposition. 



Sand 

Per cent 

Silt 

Clay 

Station 1 (near spillway) 

93.3 

3.4 

3.3 

Station 2 (near highway) 

89.9 

3.3 

6.8 

Station 3 (lakeward from highway) 

2.9 

69.6 

27.5 


Determinations of water content were made at all stations in May, 
August, and October, 1937. The content was least in August and highest in 
the month of October but was ample throughout the growing season. The 
unusually high soil moisture in October is in accord with the abnormal rain- 
fall for that month (25.11 inches) which was 21.81 inches more than the long 
term average and the highest precipitation for any one month in the history 
of the New Orleans Weather Bureau. As might be anticipated, water content 
increased with the depth of the sample. Furthermore the percentage of water 
was greater at the same sample depth in the swales than on the ridges. 

Fourteen determinations of the pH of the sediments were made by a La 
Motte-Morgan indicator set. These tests gave a pH range of 7.6 to 8.4 but 
did not indicate any correlation with topography, water content, or vege- 
tation. 

ORIGINAL VEGETATION 

The original land surface in the floodway slopes gradually from the 
Mississippi River to Lake Pontchartraiii about five-and-one-half miles to the 
northeast. The frontlauds along the river are composed of coarser sediments 
and are better drained than the backlands. It is probable that the frontlands 
were clothed originally with a hardwood forest in which water oak, live oak, 
and hackberry were the predominant species. The much more extensive back- 
lands were occupied by a swamp forest in which bald cypress and tupelo 
gum were the important dominants. 

At the time the floodway was completed in 1935 the frontlands were 
largely in cultivation. But there were scattered water oaks, live oaks, hack- 
berries, pecans, and sycamores, as well as numerous specimens of rough- 
leaved dogwood, poison ivy, pepper-vine, supple-jack, and trumpet-vine. The 
swamp forest, although completely cut over in the past, still presented a true 
forest aspect, with a fairly continuous stand of bald cypress, tupelo gum, and 
swamp maple. 

EFFECT OF FLOODWAY OPERATIONS ON PREEXISTING VEGETATION 

As far as could be ascertained the flood waters per se produced no observ- 
able deleterious effect on the former vegetation in the floodway. This was 
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true in spite of the fact that the water covered the soil to a considerable depth 
(several feet) for a period of more than 46 days (the period during? which 
the spillway was open). The answer probably lies in the fact that the spill- 
way was opened on January 29 before much plant activity had started. 
Furthermore, the relatively cold water in the floodway undoubtedly pro- 
longed the dormancy of many species of woody plants. 

On the other hand the alluvial deposits, especially those over one foot 
ill thickness, killed nearly all herbaceous plants, a considerable number of 
shrubs, vines, and seedling trees, and a few sapling trees. In order to deter- 
mine the percentage destruction of woody plants, ton temporary quadrats 
were established and studied in June and August. Individual shoots that 
projected through the alluvium were listed according to species, their diame- 
ter at the ground level in inches (d.g.l.) and their state of health. Since it 
was often impossible to determine whether a shoot represented an individual 
or merely a branch of a plant, each shoot was given equal rank in the aver- 
ages. The shoots were listed as healthy, unhealthy, or dead. Typically, the 
leaves of unhealthy plants were yellowed or were browned from the edges 
inward. In the absence of leaves, the shoots were cut to determine whether 
they were living or dead. 

On the whole, the healthy shoots far outnumbered the unhealthy and dead 
specimens in June. Of the 465 individual shoots examined in all habitats, 
282 were healthy, 87 were sickly, and 96 were dead. On the ridges the pro- 
portion of healthy shoots was somewhat lower than it was in the swales.rThis 
suggests that the destruction varies directly witli the thickness of the 
alluvium. 

It was also found that the health of the woody plants varied directly with 
the d.g.l. of the shoots. This is well illustrated in the following table of four 
of the common species ; 

Average d.g.l. (inches) 


Species 

Healthy 

Dead 

Quercus virginiana^ 

1.94 

0.40 

Celtis mississippiensis 

2.18 

1.25 

Uicoria pecan 

2.16 

0.40 

Svida asperifolia 

1.79 

0.49 


Of all the woody species the small shrubs exhibited the greatest mortality, 
whereas nearly all trees over 6 inches d.g.l. and most woody vines escaped 
destruction. Nearly all specimens of Cerothamnus ceriferus, Rhus copalli- 
num, Buhus spp., and Sambucvs canadensis observed had succumbed by the 
time of the June survey. On the other hand Diospyros virginiana, Oleditsia 
triacanthos, Bignonia radicans, and Vitis spp. exhibited no injury in June. 
In addition to the above species, no injured specimens of Berchemia scan- 


2 Plant nomenclature follows Small ’s Manual of the Southeastern Flora, 
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dens, Brunnichia cirrhosa, Celt is mississippiensis, Hieoria pecan, Ilex de- 
cidua, Platanus accident alls, Quercus virginimia, Rufacer drnmmbndii, or 
Ulmiis americana were found in the autumn survey. 

PIONEER VEGETATION 

In our study of the reve^retation of sediments, twelve plots at three 
widely separated stations were utilized. All these plots ineluded ridges and 
swales in areas of considerable deposition as well as flats in an area of very 
slight alluviation. The vegetation w^as analyzed by phytosoeiological methods 
similar to those used by Penfound and Howard (1940) as modified from 



Fig. 2. The feathery aspect of the Paiiicum assoeies is due to the witch grass, Pani- 
cs m capiUarr, Fio. 3. In this example of the Cyperus-Panicum locies, Panicntn dicho- 
iomiflornm is the predominant species. 


Braun-Blampiet (1932). Each of the twelve plots was analyzed in June, 
August, and October of 1937. Similar analyses would have been made during 
the 1938 growing season had not the areas under investigation been drasti- 
cally disturbed by clearing and by levelling of the dunes. Detailed phyto- 
sociological data are not presented in this paper owing to the exigence of 
space but will be made available to the reader upon request. 

In general, it was found that the high and low ridges were occupied by 
a community which we have designated as the Panicum assoeies (fig, 2). 
Although the swales included several more hydric species than th^ ridges 
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we have designated the community found therein as the Cyperus-Panicum 
locies of the Panicum assoeies. 

PANICUM ASSOCIES 

In the spring survey the Panicum assoeies (on the ridges) was character- 
ized by many species with a very low total coverage. The most important 
species at this time, in decreasing order of coverage comprised Panicum 
capillare, Panicum dichotomifloruni, Digitaria sanguinalis, Cyperus escu- 
lentus, Mollugo verticillata, Eragrostis hypnoides, and Eragrostis pectinacea. 
The first two of these species especially continued to increase in coverage 
throughout the season and are considered the community dominants. Of the 
total cover in the October survey over 70 per cent was contributed by Pani- 
cum capillare and about 10 per cent was occasioned by P. dichotpmiflorum. 
The last four of the above species exhibited progressively lower coverage in 
the August and October surveys. This decline in importance as community 
components is probably due to their ephemeral habit. Calculation of total 
coverage, using the June survey as unity, gave the following relative values : 
June, 1 ; August, 1.7 ; October, 4.0. 

The Panicum assoeies included a total of 102 species. Some of the species 
were encountered only in one or two of the surveys but the dominants were 
present throughout the growing season. As might be expected the number of 
species increased with the season (June, 73 ; August, 80 ; October, 85). Of the 
102 species encountered 41.7 per cent were members of three families : Poa- 
eeae (18.4), Carduaceae (13.6), and Cyperaceae (9.6). 

CYPERUS-PANICUM LOCIES 

The alluvium in the swales varied from less than one foot to three feet 
in thickness and possessed a relatively high moisture content (20.4-52.4 per 
cent). Owing to the relatively high water content of the sediments, many 
hydric species developed which did not survive on the ridges. Despite the 
presence of these species it is felt that this community should be designated 
as a form of the Panicum assoeies, since 38 per cent of the total number of 
species and all of the dominant species were common to both communities 
(table 1). 


TABLE 1 


List of species encountered in plant communities developing on the deposits in the Bonnet 

Carre Floodway 


A. 

Acalypha virginica 
Ageratum conyzoides 
Amhrina amhrosioides 
Arundinaria tecta 
Berchemia scandens 
Bignonia radicans 
Calyptocarpus vialis 


Present in Panicum Assoeies 
Cerothamnus ceriferus 
Chenopodium album 
Cirsium horridulum 
Croton capitatus 
Cynoctonum mitreola 
Cyperus sp. 

Digitaria sanguinalis 


only 

Diodia virginiana 
Dracopus amplexicaulis 
Echinochloa crus^galli mitis 
Eleusine indica 
Eragrostis spectabilis 
Erigeron canadense 
Fimbristylis diphylla 
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Fraxinna americana 
Heliotropium inundatuin 
Holcus halepenais 
Ipomoea lacunoaa 
Iva ciliata 
Leptilon canadenae 
Leptochloa uninerve 
Maruta cotnla 
Medicago lupulina 
Meibomia sp. 

Mimosa strigilloaa 


Muhlcnhergia achreberi 
Paspalum conjugatum 
Paapalum dilatatum 
Paspalum urvillei 
Peraicaria hydropiper 
Persicaria hydropiperoides 
Peraicaria sp. 

Phyla nodiflora 
Portidaca oleracea 
Sambucus canadensis 
Setaria Intesccna 


Sida carpi/ni folia 
Sida rhombifolia 
Sida spinosa 
Solanum nigrum 
Sporobolua cryptandrua 
Sirophostylea hclvola 
Svida aaperi folia 
Vlmua americana 
Xanthoxalia micrantha 
Xanthoxalia sp. 


B. Common to Panicum associes and Cyj)erus Panicum loeies 


Acnida tamariacina 
Amaranthua deflexua 
Ambrosia elatior 
Ambrosia atriflda 
Ammannia coccinea 
Ampelopais arbor ea 
Aster sp. 

Bidena frondosa 
Boehmeria cylindrica 
Brunnichia cirrhosa 
Chamaeayce hvmiatrata 
Cynodon dactylon 
Cyperua erythrorhissoa 
Cyperus esculent iis^ 

Cyperua fllicinua microdoniua 

Cyperus inflexus 

Cyperus virena Drimmondii 


Echinochloa colona 
Equisetum robustum 
Eragroatis hypnoidea 
Eragroatia pectinacea 
Eupatorium capillifolium 
Fimbriatylis autumnalis 
Fimbristylia vahlii 
Fraxinus sp. 

Ipomoea sp. 

Leucospora multiflda 
Lythrum lanceolatum 
Mikania acandens 
Mollugo verficillata 
Oenothera biennia 
Panicum capillar e^ 

Panicum dichotomiflornm ^> b 


Persicaria punctata 
Phyla lanceolaia 
Platanua occidentalis 
Plnchea petiolata 
Polypremum procumbens 
Populua balaamifera 
Eaimmania laciniata 
Mynchoapora corniculata 
Salix longifolia 
Salix nigra 
Scsban Emerus 
Spilanthes americana 
Thyella tamnifolia 
Verbena bonarienaia 
Verbesina alba 
Xanthium sp. 


C. Present in (/yperus-Panicum locics only 


Celtia missisaippiensis 
Echinochloa Walteri 
Ilysanthea inequalia 
J uncus diff uaiaaimus 
Jussiaea decurrens 
Jussiaea leptocarpa 


Leptochola panicoides 
Ludwigia glanduloaa 
Mimulva cylindrica 
Paspalum repena 
Phyllanth ua caroUnensis 
Poniederia cor data 


Bubua sp. 

Ru facer Drummondii 
Scirpus sp. 

Toxicodendron sp. 
Trachelospermum diff or me 
Typha lati folia 


» Dominant in Panicum associes. 

b Dominant in Cyperus-Panicum loeies of Pancium associes. 


The predominant speeies of the Cyperus-Panicum loeies, in order of rela- 
tive coverap:e in October, comprised Panicum dichotomiflemtm, Cyperus escu- 
lentus, Jussiaea leptocarpa, Typha latifolia, Salix spp., and Eragrostis 
hypnoides. Of the above, the first two species contributed over 70 per cent 
of the total coverajjre in October and have been desiprnated as the community 
dominants (fig. 3). As in the Panicum associes, there was a slight increase 
in the number of species as the season progressed (June, 49; August, 52; 
October, 63). A total of 67 species (table 1) was encountered in this com- 
munity. Of this number, 37 per cent were members of three families (Poa- 
ceae, 13.7 ; Cyperaceae, 13.7 ; Carduaceae, 9.6). 


COMPARISON OF SPECIES WITH PIONEERS OP OTHER SANDY DEPOSITS 

The vegetation of the dune ridges in the floodway is not at all similar to 
that of the strand flora of the Gulf Coast. Of 21 species listed by Lowe* (1921) 
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as occurring on sandy beaches in the state of Mississippi, only one was 
encountered in the floodway. In their study of Cat Island, Penfound and 
O’Neill (1934) include 54 herbaceous species in the three dune associations 
on Cat Island, Mississippi, but of these species only three were found on the 
floodway deposits. On the other hand, many plants developing on the flood- 
way sediments have also been found on relatively barren areas on the river 
side of the artificial levees. Of the 43 species that Brown (1929) found in a 
bare area caused by the construction of a levee near Baton Rouge, 55 per cent 
were encountered in the Bonnet Carre floodway. On revegetating sandbars 
of the Mississippi River Davenport (1934) encountered a total of 62 species, 
of which 60 per cent were common to the floodway deposits. 

The alluvium in the floodway was much finer than the strand deposits 
along the Gulf Coast but it is not known whether this difference ds sufficient 
to account for the great diversity in vegetation. It should be pointed out, 
however, that the water content in coarse, sandy soils is often critically low. 
The pH of the flood w^ay sediments was found to be relatively high (7.6 to 
8.4) as compared with that of the strand deposits (6.0 to 7.2). A review of 
the literature suggests, however, that most species survive under pH differ- 
ences as great as those between the alluvial and strand deposits. A further 
suggestion has been made that the weedy communities on the alluvial sedi- 
ments are due primarily to water-borne seeds from upstream sources. Pre- 
sumably the availability of migrulcs would explain the presence of these 
ruderal species. It is probable, however, that very few of these species^ could 
survive on the coarse sands of the strand and that water content and possibly 
pH may be important controlling factors in this habitat. 

SUMMARY 

1. The vegational changes which occurred in the Bonnet (^arrc Flood- 
way, subsequent to its use in flood control during the late winter of 1937, are 
herein reported. 

2. The diversion of flood waters through the floodway resulted in a strik- 
ing depositional pattern of alternating ridges and swales, typical of ^‘cre- 
vasse topography.” The sediment consisted of fine sand with a small admix- 
ture of silt and clay. 

3. The flood waters had no observable direct effect on the preexisting 
vegetation but the sediments, especially where over one foot in depth, de- 
stroyed the herbaceous plants and much of the woody vegetation. 

4. Vegetational studies, made in June, August, and October of 1937, 
revealed only one plant community and a wet phase of the same. 

5. The Panicum associes, which develops on the ridges, was dominated 
by Panicum capillare and Panicum dichotomiflorum at the end of the grow- 
ing season. The community included 102 species distributed largely in three 
families : Poaceae, Carduaceae, and Cyperaceae, 
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6. The Cyperus-Panicum locies, which develops in the swales, was domi- 
nated by Cyperus esculentus and Panicum dichotomifiorum. A total of 67 
species was recorded, of which 37 per cent were members of the Poaceae, 
Carduaceae, and Cyperaceae. 

7. The pioneer vejretation of the floodway deposits is very nnlike that of 
the strand flora of the Gulf Coast but quite similar to that of the sandbars 
of the Mississippi River. 
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THE GENUS CEPHALOCARPUS NEES (CYPERACEAE) 

Charlks L. Gilly 

INTRODUCTION 

Generic endemism in the tribe Lagenocarpeae is strikingly represented 
in the Sierra Pacaraima region of northern South America. The genus 
Everardia (4), the genus Didymiandrum (5), and the related genus Cephalo- 
carpus have their center of distribution on this mountain complex, and the 
genus Trilepis — ^whose main distribution is in the similarly old mountainous 
region around liio de Janeiro and in southern Minas Geraes — is nepresented 
by a single disjunct station in the Kanukus, an eastern outlier of the 
Pacaraima complex. These small genera are of interest because of the age 
of the area in which they are found, and because they exhibit certain char- 
acteristics which may be regarded as distinctly primitive within this family. 
Investigations which were begun while identifying Mr. G. H. H. Tate^s 
Auyan-tepui^ specimens of Cyperaceae (3) are continued in this paper. 

The genus Cephalocarptis, established by Nees in the Flora Brasiliensis 
(7) with a single species C. dracaennlay has been merged with Cryptangium 
by Bockeler (1) and with Lagenocarpua by Pfeiffer (9) ; neither of these 
treatments, how^ever, is acceptable on the basis of a study of the ^nore 
recently collected material. Clarke (2) accepted Bockeler ’s merger, but other 
botanists who have worked with the Cyperaceae have usually recognized 
Cephalocarpus as a distinct genus. 

In 1921 (8), when placing Cryptangium in synonymy under Lageno- 
carpua, Pfeiffer removed Bockeler ’s Cryptangium dracaenula (based on 
Cephalocarpus dracaenula Nees) from the enlarged and emended genus 
as Cephaloscirpus [siclj Dracaenula Nees,'' thereby recognizing Cephalo- 
carpus as distinct. Then, in 1922 (9), he reduced the genus to subgeneric 
status under Lagenocarpus ; in this new subgenus he placed L. polyphyllus 
Kuntze, L. clarkei H. Pfeiff. (nom. nov. for Cryptafigium strictum C. B. 
Clarke), L. humilis Kuntze, and L. comat us H. Pfeiff. The only apparent 
basis for such inclusion seems to be the anomalous and dissimilar habits 
of these four species which are as unlike each other as they are unlike 
C, dracaenula in appearance. Inflorescence, spikelet, and achene characters 
of these species certainly do not indicate such close relationship as Pfeiffer 
would infer. On page 72 of the same paper, ^^for the convenience of those 

^''Tepui,'' an Indian dialect name, means '^mountain^^; thus, Auyan-tepui is, in 
reality, Mt. Auyan. Mt. Boraima ia known by the natives of the region as Boraima-tepui, 
and Mt. Puida as Duida-tepui. 
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who are inclined to accept smaller genera he makes the combinations 
Cephalocarpus comxiUis, C. humilisy (\ polyphyllus, and C, clarkei. The last 
of these needlessly created combinations was, incidentally, improperly 
made, for it was based on Cryptanginm strictum C. B. Clarke; while the 
specific epithet strictus had already been used in the ^eniis Lagenocarpus, 
thus necessitating a new name for the species in that genus, it had not 
been used in Cephalocarpus. In 1924 (10) Pfeiffer added another anoma- 
lous species, L. {Cephalocar^ms) schenckianus H. Pfeiff., to the subgenus 
Cephalocarpus. 

The five specnes transferred to his new subgenus by Pfeiffer are unten- 
able in Cephalocarpus Nees (see list of excluded species at end of this 
paper) ; whether they may be retained in Lagcnocarpus, or whether they 
must be referred to the genera under which they were originally described, 
is not a matter for consideration in the present paper. 

Cephalocarpus, then, has remained as a monotypic genus for almost one 
hundred years. While studying the Tate collections of Cyperaceae from 
Mt. Roraima, Mt. Duida, and Auyan-tepui, I discovered that certain speci- 
mens, provisionally referred to the genus ** Everhardia^^ by Dr. Britton in 
the report on the flora of Mt. Duida (6), represented undescribed species 
of Cephalocarpus. At the time I published C. rigidus and C. longihracteatus 
in the Auyan-tepui report (3), I had not examined the type of C. dracaenula 
Nees; hence, on page 153 of that paper, 1 stated, ‘‘It is of interest to note 
that C. Dracaenula has been collected on both Mt. Roraima {Tate 285), and 
Mt. Duida (Tate 800).^^ This statement was made because I had pro- 
visionally associated these two specimens with Nees^ original description 
and plate (7). My recent discovery — in the Gray Herbarium — of a speci- 
men which is undoubtedly an isotype of the Nees species, has shown with- 
out question that 2'ate 285 and 800 cannot be referred to C. dracaenula. 
Further study indicates that Tate 720 and 721, which I referred (3) to 
C. rigidus, can scarcely be regarded as conspecific with Tate 1546 and must 
therefore be considered as a distinct entity. Another specimen, Tate 1035, 
in the herbarium of the New York Botanical Garden, proves also to be 
specifically distinct. 

Cephalocarjnis should be referred to the tribe Lagenocarpeae,^ and ap- 
pears to be most nearly related to the genus Evarardia. From this genus, 
which has elongated and compound inflorescences, achenes which taper into 
conical beaks, and 6 stamens subtended by each staminiferous glume, 
Cephalocarpus differs in having capitate-condensed inflorescences, achenes 
with clavate beaks and 2-3 stamens subtended by each staminiferous glume. 

2 * ‘ . . , ut iis, qui parva genera antepoiiunt, gemis solutum Cephalocarpus dis- 

cernendae sint. ' ' , 

3 This tribe is usually called the Cryptangieae, but because of the doubtful status of 
the genus Cryptanginm I am following Pfeiffer in the choice of a tribal name. 
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From Lagenocarpus, which has terminal inflorescences and lacks a perianth, 
Cephalocarpus differs in having axillary inflorescences and a definite 
perianth. 

With one exception, the distribution of Cephalocarpus parallels that of 
Everardia (4), both genera having been collected from Auyan-tepui, Mt. 
Duida, and Mt. Roraima of the Sierra Pacaraima complex. In addition to 
these localities Cephalocarpus has been found in the Cupati Mountains 
(the generic type locality), a low range of foot-hills geologically similar to 
the Pacaraimas, near the Caqueta (=the upper Japuru) River in what is 
now eastern Colombia. 

I wish to thank Dr. J. H. Barnhart for bibliographical assistance, and 
Dr. C. A. Weatherby for the loan of a specimen and type photographs which 
are deposited in the Gray Herbarium. 

TAXONOMIC TREATMENT^ 

Cephalocarpus Nees, in Mart. FI. Bras. 2(1): 162, t. 18. 1842. 

Lagenocarpus, subgenus Cephalocarpus H. Pfeiff. Repert. Spec. Nov. 18 ; 
91. 1922. 

Terrestrial or epiphytic perennials. Stems rhizomatous, woody, simple 
or branched, surrounded by the persistent and more-or-less ragged sheaths 
of previous years’ leaves and partially supported by prop-roots. Leaves 
linear, acute, somewhat flattened below, bicarinate above, crowded at apices 
of stem or its branches, 3-ranked but sometimes so closely crowded as to 
appear many-ranked. Flowering culms axillary, solitary and basally en- 
closed by a sheath, or 3-8 together and all basaliy enclosed by a single 
sheath ; basal sheaths (prophy lions) membranous, 2-keeled, bifid by the pro- 
longation of the keels beyond the tubular portion. Inflorescences of simple 
or compound capitate clusters of monoecious spikelets subtended by 2- 
several leaf-like bracts, the inflorescences usually containing both kinds of 
spikelets or some of them composed wholly of staminate spikelets. Spikelets 
sessile or short-pediceled, the pedicels basally bracteolate by 1-4 minute, 
hyaline, nerveless, acute or bifid scales. Staminate spikelets 2-5-flowered; 
empty outer glumes 2-5, staminiferous inner glumes 2-7, sometimes 1 or 2 
of the innermost empty; stamens subtended by each staminiferous glume 2 
(or rarely 1 or 3) ; filaments flattened, exserted, persistent; anthers linear, 
basifixed, 2-eelled, the connective prolonged between the thecae into a 
minute pubescent mucro. Pistillate spikelets usually fewer in number than 
the staminate, 1-flowered, the ovary surrounded by 4-6 spirally imbricated 
glumes; rarely (and abnormally) the second or third glume subtends a 
single staminate flower. Achenes terete to obtusely triangular, obovoid, more 
or less conspicuously marked by 3 longitudinal tricarpellary lines, the apex 
depressed and centrally apiculate, the apiculation covered by a clavate, 
pubescent or glabrous, persistent or tardily deciduous beak formed by a 
prolongation of the outer pericarp layer. Style short, deciduous ; stigmas 3, 
terete, linear, elongated, exserted; both style and stigmas densely and mi- 

"4 Specimens examined in the preparation of this paper are deposited in the 
herbarium of the New York Botanical Garden (NY), and in the Gray Herbarium (GH). 
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nutely glandular-pubescent. Perianth cupular, usually persistent on the 
base of the achene, formed by partial marginal fusion of 3 minute ciliate- 
margined hypogynous scales. 

Type species : Cephalocarpus dracaenula Nees. 

KEY TO THE SPECIES 

Flowering culms 3-8 together in the axil of a single leaf, all basally en- 
closed within a single tubular sheath; beak of achene tardily deciduous, 
exposing the terminal apiculation of the achene body (Subgenus 1. 

Mn cephalocarpus ^) . 

Beak of achene glabrous, shining, yellow, the body bright reddish- 
brown ; perianth scales orbicular ; leaves thinly white-pilose on the 

margins 1. C, conferius 

Beak of achene pubescent, both beak and body dull, stramineous; 
perianth scales acutely triangular; leaves coarsely ciliate at base, the 

margins above minutely scabrous . . 2. C. dracaenula 

Flowering culms solitary in the leaf axils, each enclosed by a basal tubular 
sheath ; beak of achene persistent, permanently attached to and covering the 
terminal apiculation of the achene body (Subgeiius 2. N cocephalocarpus^) , 

Leaves flexible, less than 1.5 mm. in width, 8-15 cm. long; achenes 0.75 

mm. in diam. . .. 3. C. lincariifolius 

Leaves rigid, 1.5 mm. or more in width, less than 8 cm. long; achenes 
1-1.5 mm. in diam. 

Inflorescences simply-captitate; lowest bract subtending the inflores- 
cence less than 10 mm. long, its sheath glabrous or finely appressed- 
imbescent, the margins of the free portion appressed-j)ubeseent 
or scabrid. 

Outer glumes of spikelets bifid at apices, their midribs prolonged 
between the teeth into prominent scabrid macros; leaf margins 

scabrid 4a. C. rigidus var. lypicus 

Outer glumes of spikelets taiiering gradually into the acute or 
mucronate apices, never bifid; leaf margins and midrib beneath 

appressed-pubescent .. 4:h. rigidus war, mucronat us 

Inflorescences compound-capitate; lowest bract subtending the inflor- 
escence 10-25 mm. long, its sheath densely white-villous, the margins 
of the free portion pilose 5. C. longihractcatus 

SUBGENUS 1. EUCEPHALOCAEPUS GILLY. 

1. Cephalocarpus confertus Gilly, sp. nov. 

Rhizomata crassa ramosa, ad 5 eiii. alta : folia valde coiiferta, late linearia 
acuta bicarinata, 3-7 cm. loiiga, 2-3.5 mm. lata, glabra margiiie et costa albo- 
villosa exceptis; ciilmi floriferi ad 1.5 cm. loiigi, 3-5 aggregati in axillibus 
folioruni; bracteae iiiflorescentiam subtendentes 2-4, inferiores 4-7 mm. 
longae; spiculae masculae 4-6 mm. longae, 0.75-1 mm. diam., glumis yacuis 
lanceolatis acutis glabris, glumis fertilibus oblongis acutis hyalinis ; spiculae 
foemineae masculas aequaiites, glumis 4r-5, lanceolatis acutis vel mucronatis; 
achaenia subteretia obovoidea glabra rubro-brunnea, 1.25-1.5 mm. longa, 

^ Eucephalocarpus Gilly, subgen. nov. Culmi floriferi 3-8 aggregati axillibus folio- 
rum ; rostro subpersistente, deciduus ad ultimum apiciilus achaeniuin expositio. Subgeneris 
typus; Cephalocarpus dracaenula Nees. 

^ Neocephalocarpus Gilly, subgen. nov. Culmi floriferi solitarii axillibus foliorum; 
rostro persistonte ; apiculus achaeniuin obscurus. Subgeneris typus : Cephalocarpys rigidus 
Gilly. 
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0.75 mm. diam., rostro clavato glabro luteo subpersistente, 0.75-1 mm. longo, 
apiculo 0.7 mm. longo ; squamellae liypogyiiae orbiculares, pilis paucis sqiia- 
mellas aequantibus. 

In this species the second or third glume of the pistillate spikelet rarely 
(and apparently abnormally) subtends a single staminate flower. 

Type : Venezuela — territorio amazonas : Mount Duida, dry ridge tops, 
Savanna Hills, Alt. 4400 ft., Aug. 1928-Apr. 1929, Taic 800 (NY). Also 
examined: Venezuela — bolivar: Mount Roraima, on the great sand-stone 
boulders, Philipp Camp, alt. 5200-6000 ft., Nov. 7, 1927, Tate 285 (NY). 



Pig. 1. Cephalocarpus: habit sketches x0.5j flowering culms x2.5; acheiies x 5. 
C, confertus Gilly (drawn from Tate SOO) : a, aggregated flowering culms surrounded by 
a single basal sheath, characteristic of the subgenus Kucephalocarpiis ; b, achene, beak 
attached; c. achene, beak detached. C, dracacnula Nees (drawn from Marlins s.n.) : 
d, achene, beak attached; c, achene, beak detached. C. lineariifoliiis Gilly (drawn from 
Tate 1035) : /, achene. C, rigidus var. typievs Gilly (drawn from Tate 1346) : g, young 
plant, the rhizome not yet evident above ground; h, old plant, showing well developed 
rhizome; i, achene. C. rigidus var. mucronatus Gilly (drawn from Tate 7^0): j, old 
plant, showing branched aerial rhizome; Ic, solitary flowering culm enclosed by basal 
sheath, characteristic of the subgenus Neocephalocarjnis ; achene. C, longibracteatus 
Gilly (drawn from Tate 1345) : m, achene. 

2. Cephalocarpus draoaenula Nees, in Mart. PI. Bras. 2(1): 162. t. 18, 
1842. Cryptangium dracaenula 'Bockl. Linnaea 38: 415. 1874. Lageno- 
mrpuB dracaenula H. Pfeilf. Repert. Spec. Nov. 18: 92. 1922. 

Rhizome slender, to at least 30 cm. tall, simple or branched. Leaves loosely 
clustered, rigid and more or less erect, 2-3 mm. wide, 7-8 cm. long, coarsely 
ciliate at mouth of sheaths, otherwise glabrous except for scabrous margins 


1942] 


GILLY: CEPUALOCARPUS 


295 


and under surface of midrib. Flowering culms 4-8 together in the axil of a 
single leaf, flattened with scabridulous margins; basal sheath 1.5 cm. long, 
deeply bifid at the apex. Bracts subtending the inflorescence 2-3, glabrous 
except for the coarsely ciliate margins of the free portions, the lowermost 
5-6 mm. long. Staminate spikelets 5 mm. long, about 1 mm. in diam. ; sterile 
glumes 2-4, broadly lanceolate, abruptly tapering into a prominent mucro; 
fertile glumes 3-5, lanceolate, acute, the midrib obsolete. Pistillate spikelets 
5 mm. long, 1-1.5 mm. in diam., glumes 5-6, narrowly ovate to lanceolate, 
glabrous, mucronate, mucronulate, or acute, the mucro of the outermost 
sometimes coarsely ciliate. Achene stramineous, the body 1.5 mm. long, 1.25 
mm. in diam., obovoid, subterete, glabrous excey)t for the sparse pubescence 
at the apex. Beak about 0.75 mm. long, the apical knob hemispherical, pu- 
bescent; the beak tardily deciduous, thus exposing the 0.2-0.3 mm. apicula- 
tion in the center of the depressed apex of the achene body. Style 2-3 mm. 
long; stigmas 3 mm. or less in length, dark red-brown. Hypogynous scales 
triangular, acute, the marginal hairs sparse, about 0.3 mm. long. 

Smcimen examined: Colombia — caqueta: [Cupati Mts.] cataracts of 
the Rio Japuru (=Rio Caqueta), 1841, Marfius s.n. (GH). This specimen 
is an isotype. 

SUBGENUS 2. NEOCEPTTALOCARPUS GILLY. 

3. Cephalocarpus lineariifolius Gilly, sp. nov. 

Rhizomata gracilia simplicia vel ramosa, ad 15 cm. alta; folia linearia 
acuta bicarinata glabra margine et costa appresso-pubescentibus exceptis, 
8-15 cm. longa, 1.5 mm. lata minusve; culmi floriferi solitarii in axillibus 
foliorum, 6-8 cm. alti ; bracteae inflorescentiam subtendentes 10 mm. longae; 
spiculae masculae 3.5-5 mm. longae, glumis stcrilibus 2-3, lanceolatis acutis; 
aiitherae 1-1.25 mm. longae; spiculae foemineae 4-5 mm. longae, glumis 
4r-5, lanceolatis acutis vel mucronatis marginibus et nuicrone pubescentibus ; 
achaenia subteretia obovoidea glabra straniinea, 1.75-2 mm. longa, 0.75 mm. 
diam., rostro straniineo persistente glabrato vel vix pubescente, 0.75-1 mm. 
longo; squamellae hypogynae suborbiculares, ciliis subcopiosis quam corpore 
achaenii 3-plo brevioribus. 

Type : Venezuela — tekhitohio amazonas : Mount Duida, flat near stream 
at Central Camp, epiphytic on bark of trees, alt. 4800 ft., Dec. 20-28, 1928, 
Tate 1035 (NY). 

4. Cephalocarpus rigidus Gilly apud Gleason & Killip, Brittonia 3: 
152. 1939. 

In the report on the flora of Auyan-tepui (3), I referred two specimens 
from Mt. Duida to C. rigidus; further study of these specimens indicates 
that they can scarcely be regarded as conspecific with Tate 1346 (the type 
of C. rigidus) from Auyan-tepui, and it therefore becomes necessary to 
describe them as a separate entity. However, from the specimens available 
I do not feel justified in recognizing the Duida material as a distinct species 
and so — for the present — it seems better to regard C, rigidus as a collective 
species composed of two geographically isolated varieties. Since the illustra- 
tions of the glumes (l.c., fig. 2; a, b) do not represent the typical form of 
the species, and since the original description of C. rigidus combines the char- 
acters of both varieties, it seems necessary to here describe and differentiate 
these varieties. 
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4a. Cephalocarpus rigidus Gilly var. typicus Gilly, var. nov. Cephalo- 
carpus rigidus Gilly apud Gleason & Killip, Brittonia 3 : 152. fig, 2, c, (as to 
type, but not as to description). 1939. 

Rhizomata simplicia, ad 6 cm. alta ; folia valde conferta rigida coriacea 
glabra margine seabra excepta, ad 2 mm. lata, 3-4 cm. longa ; culmi floriferi 
solitarii in axillibus folioriim, 2-3 cm. alti; spiculae masciilae ad 4 mm. 
longae, glumis sterilibus 3-5 ovatis vel lanceolatis bifidis aristatis vel nm- 
cronatis, glumis fertilibus 3-4 oblongis vel lanceolatis acutis hyalinis; 
spiculae foemineae 4.5-6 mm. longae, glumis 5-6 lanceolatis bifidis hyalinis 
aristatis vel mucronatis, apicibus pubescentibus ; achaenia subteretia obo- 
voidea glabra vel ad apicem pubescentia, 1.75-2 mm. longa, ad 1 mm. 
diam., rostro pubescente persistente stramineo, 1.25 mm. longo; squamellae 
hypogjmae orbiculares, ciliis copiosis quani corporo aehaenii 3- vel 2-plo 
brevioribus. 

Type: Venezuela — bolivar: Auvan-tepui, 2200 m., Dec. W37, Tate 
1346 (NY). 

4b. Cephalocarpus rigidus Gilly var. mucronatus Gilly, var. nov. C. 
rigidus Gilly apud Gleason & Killip, Brittonia 3 : 152. fig. 2, a, b. (in part, 
but not as to type). 1939. 

Rhizomata simplicia vel ramosa, ad 6 cm. alta; folia 2-8 cm. longa, 2-2.5 
mm. lata, glabra marginibus et costa appresso-pubescentibus exceptis ; culmi 
floriferi solitarii in axillibus folioriim, 2-3.5 cm. alti, ad basim pilosi; 
bracteae inflorescentiam subtendentes 5-9 mm. longae; spiculae masculae 
5-6 mm. longae, glumis vacuis 3-5, lanceolatis mucronatis, glumis fertilibus 
3-4, lanceolatis hyalinis mucronulatis vel acutis; antherae 3 mm. longae; 
spiculae foemineae ad 5 mm. longae, glumis 4-6, ovatis vel lanceolatis 
aristatis; achaenia teretia obovoidea, 2 mm. longa, ad 1.5 mm. diam.; 
rostro 1-1.25 mm. longo persistente pubescente; squamellae hypogynae sub- 
orbiculares, ciliis copiosis quam corpore aehaenii 3-plo brevioribus. 

Type: Venezuela — terrttorio amazonas: Mt. Duida, on soil. Ridge 16, 
6800 ft., 1928-1929, Tate 721 (NY). Also examined: from the same locality, 
a dwarfed form growing on rock, Tate 720 (NY). 

5. Cephalocarpus lonoibractfatus Gilly apud Gleason & Killip, Brit- 
tonia 3 : 153. fig. 2, d-f. 1939. 

Rhizome short, simple or branched. Leaves loosely clustered, 2-3.5 mm. 
wide, 4-8 cm. long, pale green, firm but not coriaceous, sparsely to densely 
pubescent. Flowering culms solitary in leaf -axils, flattened, 0.5-1 mm. wide, 
densely pilose at base, glabrate above, exserted 4-7 cm. from the sheath of 
the subtending leaf ; basal sheath 1-1.«5 cm. long, minutely and bluntly bifid 
at the apex. Inflorescence compound, consisting of several pedicellate spike- 
lets and several pedicellate spikelet clusters, the whole subtended by 2-3 
leaf-like bracts; lowermost bract 10-25 mm. long, others smaller, sheaths of 
all densely white-villous, margins of the free portions long-pilose; bracts 
subtending the individual spikelet clusters similar but smaller. Staminate 
spikelets 4.5-6 mm. long, 0.75-1 ,mm. diam. ; sterile glumes 3-4, broadly 
lanceolate, hyaline except for the prominent midrib, acute to mucronate; 
fertile glumes 2-3, oblong to narrowly lanceolate, acute, hyaline. Pistillate 
spikelets 4-5 mm. long, 1-1.5 mm. in diam. ; glumes 5-6, the outer broadly 
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lanceolate, abruptly aristate, the inner lanceolate, acute. Achene straw- 
colored, the body 1.6-1.8 mm. long, 1-1.3 mm. in diam., minutely pubescent 
at the apex; beak persistent, about 1 mm. long, densely apically pubescent. 
Hypogynous perianth scales orbicular; marginal cilia copious, one-third to 
one-half as long as the body of the achene. 

Type: Venezuela — bolivar: Auyan-tepui, 2200 m., Dec. 1937, Tate 
1345 (NY). 

species excluded prom the genus 

1. Cephalocarpus clarkei H. Pfeilf. Kepert. Spec. Nov. 18: 72. 1922. 
-Cryptangium strictnm C. B. Clarke, Kew Bull. Add. Ser. 8: 66. 1908. 
{Lagenocarpus clarkei H. Pfeilf. Repert. Spec. Nov. 18: 92. 1922. Not 
Lagenocarjms strichis Kuntze, Rev. Gen. 754. 1891). 

2. Cephalocarpus comatns (Biickl.) H. Pfeiff. Repert. Spec. Nov. 18: 72. 
1922. -Cryptangium comatnm Biickl. Flora 66: 351. 1882. {Lagenocarpus 
comatns H. Pfeiff. Ber. Dents. Hot. Ges. 39: 131. 1921). 

3. Cephalocarpus humilis (Nees) H. Pfeilf. Repert. Spec. Nov. 18: 72. 
Ti922. ~ Acrocarpus humilis Nees, in Mart. FI. Bras. 2 (1): 161. 1842. 
(Lagemocarpus humilis Kimtze, Rev. Gen. 754. 1891). 

4. Cephalocarpus 2 >olyphyllus (Nees) H. Pfeilf. Repert. Spec. Nov. 18: 
72. 1922. = Acrocarjms polyphyllus Nees, in Mart. FI. Bras. 2 (1) : 160. 1842. 
{Lagenocarpus polyphyllus Kuntze, Rev. Gen. 754. 1891). 

5. Ce 2 )halocarpus schcnckianus (Bockl.) H. Pfeilf. Repert. Spec. Nov. 
20 : 44. 1924r. = Cry2)ta7igium schenckinnmn Bockl. Cyp. Nov. 2 : 27. 1890. 
{Lagenocar 2 )us schenckianus H. Pfeiff. Ber. Dents. Bot. Ges. 39: 132. 1921). 

The New York Botanical Garden, 

New York, New York. 
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NORTH AMERICAN RANUNCULI— IV 

Lyman Benson 

The first and second articles in this series of five (Bull. Torrey Club 
68 (3, 7): 157-172, 477-490. 1941) deal with the submenus Euranunculus, 
section Chrysanthe, and the third (Bull. Torrey Club 68: 640-659. 1941) 
is a treatment of the sections Echinella and Epirotes, In this paper the sec- 
tions Flammula and Hecatonia are discussed, concliidinj^ the subj^enus 
Euranuncuhis, The present delimitation of subj^enera and sections was 
published in an article entitled ‘^The North American subdivisions of Eanun^ 
culus^^ (Am. Jour. Bot. 27 (9): 799-807. 1940). Detailed specific descrip- 
tions are reserved of the North American Flora. 

SECT. 4. FLAMMTTLA (WEBB) L. BENSON 

Peroniiiala ; achenes 1.2-3. 2 mm. long, the beaks 0.3-1 .5 mm. long or in 
typical B, Flammula 0.1— 0.2 mm. long; petals 5-10, conspicuous and 
usually large, longer than the sepals, except in R. oresteriw. 

Nectary scale ciliate along the distal margin, the adjacent surface of 
the petal with some hairs; achenes about 3-3.2 mm. long; re- 
ceptacle short-pubescent; achenes pubescent, each with a flat, 

winged stalk; stems scaimse 48. R. Collomae, 

NectaiT scale glabrous, the petal also glabrous; achenes 1. 2-2.5 mm. r 

long; receptacle glabrous exceiJt sometimes in’ Ranunculns 
Populago ; achenes glabrous except in Ranunculus alismaefolius 
var. Lemmoniif never stalked. 

Roots not with light-colored, fusiform, thickened storage regions at 
the bases. 

Stems never rooting. 

Roots glabrous in their mature portions; petals (3-16 mm. long, 

3-8 mm. broad, exceeding the spcals, obovatc or in var. 
monianusy which has almost always 10 petals, oblancco- 
late or narrowly oblong and 2-3 mm. broad; basal leaf 
not broadest at the middle and tapering to the acute 

ends 49. R, alismaefolhis. 

Roots densely and finely canescent their whole length; petals 
not exceeding the sepals, narrowly oblong, 3-5 mm. 
long, 1-2 mm. broad, always 5; basal leaf broadest at 

the middle and tapering to the acute ends 50. R. orestcrus. 

Stems rooting adventitiously at at least the lower nodes (rarely 
not rooting in typical R, Flavimulay which is restricted to 
Newfoundland and Nova Scotia). 

Achene body about 2 mm. long, nearly rectangular, the beak 
1. 1-1.3 mm. long; stem 5-10 dm. long, 5-8 mm. in 
diameter at the base, poting at only the lower nodes, the 

distal portion ascending 51. R, amhigens, 

Achene body 1.3-1.7 mm. long, obovate, the beak 0.1-0.8 mm. 
long. 

Cauline leaves lanceolate, oblanccolate, or linear 52. R, Flammula, 
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Caulino leaves ovate, ovate-lanceolate, or rarely subcordate. 

Cauline petioles sheathing the stem; stem filiform, 

never fistulous 52C. B, Flammula var. 

Cauline petioles not sheathing the stem; stem often 

fistulous 53. B. hydrocharoides. 

Hoots each with a small, light-colored, fusiform-thickeiied storage 
region at the base, this structure 1-2 mm. in diameter. 

Stems rooting adventitiously at the nodes; loaves alternate, the 

flowers never in cymes 54. B. Gormaniu 

Stems never rooting ; leaves commonly opposite, the flowers 

usually in cymes 55. B. Populago. 

Annuals; achenes 0.6-1 or rarely 1.5 mm. long, the beaks 0. 1-0.2 mm. long. 

Petals 5—9, large and conspicuous, about twice as long as the sepals; styles 
in anthesis 0.5 mm. long, filiform, deciduous in fruit; head of 
achenes hemispherical or ovoid 56. B, laxicaulis. 

Petals 1-3, minute and inconspicuous, shorter than or equal to the 
sepals; styles in anthesis 0.1-0.2 mm. long. 

Sepals 5 ; ui)per cauline leaves linear to lanceolate or oblanceolate or 
very narrowly elliptic, sessile; achenes oblong-obovate, 0.6-1 
mm. long, smooth, reticulate, or i)apillate, the units of the 
reticula t(‘ pattern perhaps 0.03 mm. in diameter when 

visible ... 57. B. pusillus. 

Sepals 3 ; upper cauline leaves ovate, petioled ; achenes ohovate, 
about 1.5 mm. long, reticulate, the units of the pattern about 
0.1 mm. in diameter 58. B. alveolatus. 

48. Ranunculus Collomae L. Benson, sp. nov. Glabrous terrestrial 
])ercnnials; roots 6-10, remarkably stout, ^3 mm. in diameter; stems 
scapose, i)rostrate or aseeiiding, not rooting adventitiously, 3-5 em. long U]) 
to the lowest pedicel, 1. 5-2.5 mm, in diameter, 1-3-flowered ; radical leal* 
blades simple, oblanceolate to obovate, 2.5-5 cm. long, 0.8-1 .5 or 2 cm. broad, 
entire, proximally attenuate and distally acute; petioles 2.5-3.5 cm. long; 
stipular leaf bases 1-1.5 cm. long, caidine leaves 1-3, opi)osite or alternate, 
lanceolate to oblanceolate, se.ssile; pedicels 2-5.5 cm. long in flower and 6-10 
cm. long in fruit, glabrous; sepals 5, yellowish -green tinged with purple, 
spreading, elliptic, 5 mm. long, 3 mm. broad, pilose dorsally, about half the 
length of the i)etals, promptly deciduous; petals 5, yellow, obovate, 7-12 mm. 
long, 5-7 mm. broad, the nectary scale forming a pocket, broadly oblong, 
ciliate on the distal margin; stamens about 40-50; achenes 50-100 in an 
ovoid head 10-12 mm. long, 9-10 mm. in diameter, each achene obovoid, 
3-3.2 mm. long, 2-2.2 mm. dorsoventrally. 1-1.2 mm. laterally, smooth, finely 
pubescent, the margin conspicuous, the achene beak slender, 1 mm. long, 
apically curved or recurved ; receptacle ovoid-cylindrical, 1-2 mm. long in 
flower, 8-9.5 mm. long in fruit, finely pubescent. 

Herba terrestris perennis glabra; radicibus 2-3 mm. diametro; caulibus 
non e nodis radicantibus, scaposis, 1 dm. longis, 1. 5-2.5 mm. diametro, 
1-3-floris; foliis oblanceolatis vel obovatis, integris, 2.5-5 cm. longis, 0.8-1.5 
rariter 2 cm. latis ; petiolis 2.5-3.5 cm. longis ; petalis 5, flavis, obovatis, 7-12 
mm. longis, 5-7 mm. latis; nectarii squamulis ciliatis, oblongis, latere non 
liberis; carpellorum capitulo ovoide, 10-12 mm. longo, 9-10 mm. diamett'o; 
acheniis 40-^0, obovoidis, canescentibus, 3-5.2 mm. longis, rostn) 1 mm. longo, 
curvato vel recurvato ; receptaculo ovoide, 8-9.5 mm. longo, canescente. 
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Open, dry ground under yellow pines at 2,300-2,500 meters elevation; 
La Sal Mountains, southeastern Utah to Coconino County, Arizona. Western 
pine forest. April. 

Type collection: near Bugglen (Buglan) Hill, South Rim of the Grand 
Canyon, Coconino County, Arizona: coll. April 10, 1941, Mrs, Rose E. 
Collom 999, Type in the Herbarium of the University of Arizona. Tsotype, B. 

Significant specimens: Utah: 20 miles west of Blanding, La Sal Moun- 
tains, Harrison & Williams 5984, UA, Utah^ ; Arizona : Jacobs Lake, Kaibab 
Forest, Maguire 13550, UA, Utah; South rim of Grand Canyon at Bugglen 
(Buglan) Hill, Collom BHI, May 8, 1940, US, 999, April 10, 1941, UA, B; 
IJ miles north of Foxburrow (Foxborough) Ranch, on Schnably Hill Road, 
Oak Creek Canyon, Wetherill 1, April 7, 1940, UA, MNA^, B, 

This species has affinity to Ranimculus glahcrrimns Hook. var. ellipticus 
Greene, and in some respects it is a connecting link between the sections 
Epirotes and Flammula although it is definitely in the latter section. The 
following characters show relationship to var. ellii)tici(s: (1) presence of 
only 6-10 large, coarse roots, (2) habitat in dry soil, (8) pubescent achenes, 
(4) winged stipe of the achene, (5) ciliate nectary scale (ciliate or glabrous 
in R, glaherrimus) , Only four species of Rnnnneuhis in North America 
have ciliate nectary scales. They are R. cardio phyllus, R. arizonicus, and 
R, glaherrimus in the section Epirotes and R, Collomar, The new species, 
R, CoUomae, is most closely related to R, alismaefolius Geyer. 

49. Ranunculus alismaefolitts Geyer. ex Bentli. PI. Hartw. 295. 1848. 
R, Bolanderi Greene, Bull. Calif. Acad. 2: 58. 1886. R. Flammula alimni- 
folius Clements & Clements, Rocky Mt. Flowers 6. 1914, nomcn nudum. 

Glabrous terrestrial or almost palustrine perennials ; roots usually 15-30, 
slender, about 1.5-2 mm. in diameter ; stems 3-8 dm. long, mostly 4-6 mm. 
in diameter, rather freely-branching above, fistulous; radical leaf blades 
lanceolate, 4-12 cm. long, 1-J3 cm. broad, entire or often serrulate, tliick, 
proximally tapering into the petiole and distally blunt; petals 5, obovate, 
about 10 mm. long, about 5 mm. broad, the nectary scale 1 mm. long, forming 
a pocket 0.5 mm. deep, the distal half free ; achenes 30-50 in a hemispherical 
to subglobose head 5-7 mm. long and 6-8 mm. in diameter, each achene 
cuneate-obovate, 2.5 mm. long, 1.7 mm. dorsovcntrally, 1 mm. laterally, 
smooth, glabrous, the margin inconspicuous, the achene beak slender but 
thick at the base, 0.7-0.9 mm. long, not recurved ; receptacle pyriform, 1-2 
mm. long in flower and 4-5 mm. long in fruit, glabrous. 

Muddy lake borders and ditches at low elevations in the coastal region 
and up to 1,000 or 1,300 meters inland ; Vancouver Island to Eastern British 
Columbia and Northern Idaho; Lewis County, Falcon Valley, and the east- 
ern border of Washington ; Wallowa Mountains, Eastern Oregon, and from 
the Willamette Valley to the Seaward North Coast Ranges as far south as 
Mendocino County, California. Northwestern coniferous forest and Palouse 
grassland. May and June. ' 

1 Symbols not used previously. Utah, Intermountain Herbarium of Utah State Col- 
lege; MNA, Museum of Northern Arizona, Flagstaff. 
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Type collections: (1) R. alumaefolius, . Geyerianis e montibus sco- 
pulosis. . . grassy plains of Couer d’Aleine. (n. 306), Idaho, cf. 

Hook. London Jour. Bot. 6 : 66. 1847. (2) R, Bolanderi, ^‘Long Valley, Men- 
docino County California, May, 1886, H. N. Bolander, No. 4730.” The type 
is IlOr, 2409. (3) R. flammula alismifolhiSf nomen nudum, referred here be- 
cause of the similarity of the names alismifolius and alismaefolius, although 
the authors must have had in mind R. alismaefolius var. montanus, since it 
is the only variety occurring in the range covered in the book. 

KEY TO THE VARIETIES 

Petals 5, obovate. 

Jicceptacle elongated by 3-5 mm. in fruit, pyriform; stems 3-8 dm. 


long; leaves lanceolate, often serrulate 49. B. alismaefolius. 

Jteceptacle elongated by 1 or 2 mm. (rarely more) in fruit; stems 1-4 dm. 
long; leaves entire. 

Aehenes glabrous; herbage glabrous. 

Leaves lanceolate; petals about 10 mm. long 49A. Var. JIartwegii. 

Leaves ovate or ovate-lanceolate; petals usually about 6 mm. 

long 49B. Var. alismellus. 

Aehenes pubescent or glabrate; herbage pilose or glabrous; petals 

8-16 mm. long; leaves lanceolate 49C. Var. Lemmonii. 

l*etals 10 or rarely 5-9, oblanceolate or sometimes broadly so ... 49D. Var. montanus. 


49 A. Hanunculits alismaefolius var. Hartwegii (Greene) Jepson, FI. 
Calif. 1: 534. 1922. R. alismaefolius var. caule petiolisque basi hirsutis 
Benth. PI. Hartw. 295. 1848. R. Hartwegii Greene, Erythea 3 : 45. 1895. 
R. arnoglossus Greene, Pittonia 4 : 143. 1900. 

Glabrous; stems .2-4 dm. long, 1. 5-2.5 mm. in diameter, branching above, 
several-flowered ; radical leaf blades lanceolate, 4-10 cm. broad, entire, of 
intermediate thickness; petals 5, obovate, 6-8 mm. long, the nectary scale 
attached nearly to the apex, often lobed ; aehenes 20-30, each 2 mm. long, 
1.5 mm. dorsoventrally, 0.8 mm. laterally, the beak about 0.7 mm. long; 
receptacle 1-1.5 mm. long in fruit. 

Mountain meadoAvs at 1,400-2.200 meters elevation; mountains of central 
Oregon to the Sierra Nevada as far south as Calaveras County, California, 
and to Southern Idaho; Washoe and Ormsby Counties and the East Hum- 
boldt Mountains, Nevada; Helena and Midvale, Montana; Yellowstone 
National Park and Leckie, Wyoming. Western pine forest. May and June. 

Occurring in the Oregon Cascades as an intergrade toward var. alismel- 
lus. 

Type collections: (1) Var. caule petiolisque basi hirsutis, ‘‘In uliginosus 
(Bear Valley) montium Sacramento,” Hartweg 1627 {155), Sierra Nevada 
in Nevada County, California. (2) R. Hartwegii. Based upon the unnamed 
variety listed above. (3) R. arnoglossus, “Subalpine in the Ruby [East 
Humboldt] Mountains, eastern Nevada; collected by the writer [Greene], 
20 July, 1896.” The type is HGr. 2388-9. 

49B. Ranunculus alismaefolius var. alismellus A. Gray, Proc. Am. 
Acad. 7 : 327. 1868. R. alismellus Greene, PI. Fran. 1: 297. 1892. 

Glabrous; roots 6-12 slender; stems 1-2 or 3 dm. long, 1-1.5 mm. in 
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diameter, often simple, usually 1- or 2-flowered ; radical leaf blades ovate- 
lanceolate or sometimes ovate, 2-4 cm. long, entire, thin ; petals 5, obovate, 
about 6 mm. long, the nectary scale attached laterally usually almost to the 
apex, truncate or rounded ; achenes 10-30, each 1.5 mm. long, 1.2 mm. dorso- 
veutrally, about 0.5 mm. laterally; receptacle about 1 mm. long in fruit. 

Mountain meadows and wet ground near snow banks at 1,400-2,000 
meters elevation northward and 2,200-3,300 meters southward ; eastern peaks 
of the Cascade Mountains in central and southern Washington; high moun- 
tains of Oregon to the high North Coast Ranges and the San Jacinto Moun- 
tains, California; near Virginia City and in the East Humboldt (Ruby) 
Mountains, Nevada. Mostly northern coniferous forest. June and July. 

The Oregon form is more robust and with branching stems, and it is an 
intermediate toward the variety Hartwegii, Typical var. aUsmcllus occurs 
on the eastern side of the Cascade Mountains in Washington. 

Type collection: ‘^Lake Tenayo [Tenaya] and on Mt. Dana, Sierra 
Nevada, to the height of 12,000 feet, Bolander.’^ Yosemite National Park, 
California. The Lake Tenaya specimen is Brewer 1684. Only the Mt. Dana 
specimen is by Bolander, and it is designated as a lectotype, GH. 

49C. Ranunculus alismaefolius var. Lemmonii (A. Gray) L. Benson, 
Am. Jour. Bot. 23: 172. 1936. R. Lemmonii A. Gray, Proc. Am. Acad. 10: 
68. 1875. 

Commonly pilose at least on the stems and petioles; stems decumbent, 
1.5-3 dm. long, 1.5-3 mm. in diameter; radical leaves lanceolate, 3-9 cm. 
long, 5-10 mm. broad, entire; petals 5, obovate, 8-16 (mostly 10) mm. k)ng, 
the nectary scale like the typical species; achenes about 20, each about 2 mm. 
long, 1.8 mm. dorsoventrally, about 0.8-1 mm. laterally, pubescent, glabrate, 
or glabrous, the beak 0.5-1 mm. long ; receptacle pyriform, 2-5 mm. long in 
fruit. 

Meadows of valleys in the arid mountain region at 1,500-2,000 meters 
elevation ; Modoc County to Truckee, California. Western pine forest. May 
to July. 

Type collection: ^‘Sierra Valley, California, alt. 5,000 feet, J. G. Lem- 
mon.^’ The type is in the Gray Herbarium. The Sierra Valley specimens 
(apparently isotypes) seen in other herbaria are not this variety. In fact, 
three or four species are represented among them. 

42D. Ranunculus alismaefolius var. montanus S. Wats. Rept. U. S. 
Geol. Expl. 40th. Par. 6 : 7. 1871. B. calthaeflorus Greene, Erythea 3 : 45. 
1895. Jf?. alismaefolius var. calthaeflorus Davis, Minn. Bot. Studies 2 : 495. 
1900. R. unguicnlatus Greene, Pittonia 4 : 142. 1900. 

Glabrous ; stems erect or reclining at the bases, branching above, and the 
inflorescence cymose but flat-topped, as it is also in B. alismaefolius and var. 
Hartwegii; radical leaf blades narrowly elliptic, 2-6 cm. long, 1-2.5 cm. 
broad, entire, of intermediate thickness, proximally tapering and distally 
acute; petals 10 (rarely 5-9), 5 or commonly 7-12 mm. long, 2-3 or rarely 
5 mm. broad, usually oblanceolate, proportionately much narrower than in 
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any of the other varieties, the nectary scale forminj:? a broad pocket 0.4r-0.5 
mm. deep ; achenes 25-60, each about 2 mm. lon^, 1.3 mm. dorsoventrally, 
1 mm. laterally ; receptacle 2-3 mm. long in fruit. 

Mountain meadows at 2,700-3,000 meters ; East Humboldt (Ruby) Moun- 
tains, Nevada, to Western and Southern Wyoming and Colorado. Northern 
coniferous and western pine (lodgepole pine) forest. June and July. 

Type collections: (1) Var. montanus, Shore of Marian Lake in the East 
Humboldt [Ruby] Mountains, Nevada, and at the head of the Provo River 
in the IJintas; 9,000 feet altitude; June-August. (18.) ’’ The collection from 
the Uintah Mountains by Sereno Watson in 1868 is designated as a lecto- 
TYPE, OH. In the U. S. National Herbarium the Marian Lake specimen is 
sheet No. 862, and the Uintah plant is mounted on the same sheet (unnum- 
bered). (2) R. calthaeflorns, ‘^Plant of the Colorado Rocky Mountains 
chiefly, at elevations a little below the limit of trees; the R. alismaefolius, 
var. montanns of S. Watson, partly; also the type of the unpublished R. 
alismaefolius, of Geyer.” At the bottom of the same page, Greene states, 
‘‘Geyer’s specimens, on the labels of which he wrote this \R. alismaefolius] 
as a new name were of the Rocky Mountain species which I now name R. 
calthaeflorus.^* Greene confuses Geyer’s specimens from the ‘‘Rocky Moun- 
tains,’^ but actually from Coeur d’Alene, Northern Idaho, with the plants 
from the southern and central Rocky Mountain System, which is the one he 
describes as R. caltha^florus. (Note that the petal number is given as 10). 
That Greene did not know Geyer’s plant differed from Watson’s variety 
montanus is emphasized further by the following statement, “/?. Hartwegii 
of the Californian Sierra differs essentially from the Rocky Mountain /?. 
calthaeflorvs ... in its broadly obovate petals only half as numerous, namely 
five.” So also does Geyer’s plant (cf. isotype, S), which is absolutely iden- 
tical with Greene’s R. Bolanderi from coastal California. However, the fol- 
lowing is quoted from Greene, “Asa Gray’s statement that ‘/?. Bolanderi, 
Greene, Bull. Calif. Acad. ii. 58, answers to the type of this species \R. 
alismaefolius]^ is not only without foundation; it proves that the author 
did not know that Geyer’s type was not Californian.” What really is proved 
is that Greene did not understand Geyer’s type and knew only that it came 
from the “Rocky Mountains” and that he was really describing the southern 
and central Rocky Mountain plant as R. calthaejlorus, and not renaming 
Geyer’s species. Several specimens collected prior to 1895 are in the Her- 
barium Greeneanum and No. 2391 of that herbarium is designated as a 
LECTOTYPE of R. caWiacflorus. It was collected in wet, boggy ground near 
Georgetown, Colorado at 12,000 feet altitude by Chas. S. Sheldon on August 
17, 1884, No. 281. (3) R. unguiculatus, “Common ‘on sites of old snow banks’ 
at 11,500 feet in the mountains of southern Colorado, C. P. Baker, 28 Aug., 
1899.” The type is HGr. 2994 and 7801. 

50. Ranunculus oresterus L. Benson, apud Benson & Carter, Am. 
Jour. Bot. 26 : 555. 1939. 

Swales at 1,300 meters elevation in the Blue Mountains between Baker 
and Canyon City, Eastern Oregon; New Meadows, Adams County, Idaho 
{Ray J. Davis 94, I 8 B), cf. L. Benson, Am. Jour. Bot. 27: 187-^. 1940. 
Western pine forest. June. 
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Type collection: “In swales at the summit of the Blue Mountains, East- 
ern Oregon, altitude 4,000 feet (fide Washington State College specimen). 
Baker City-Canyon City road. Known only from the type collection by 
William C, Cusick, June 4, 1902, No, 2800. Type specimen in the Dudley 
Herbarium, Stanford University, California, No. 96453. Isotypes: Univer- 
sity of Oregon Herbarium, 3 sheets marked by the writer in 1932 with a 
square containing an x in its lower left corner; Washington State College 
Herbarium No. 10201; New York Botanical Garden.” One of the specimens 
from the University of Oregon was presented to the herbarium of the writer 
in 1939 through the courtesy of Dr. LeRoy Detling. 

51. Ranunculus ambigens S. Wats. Bibl. Ind. N. Amer. Bot. 1 : 16. 

March, 1878 and Proc. Am. Acad. 14 : 289. May 14, 1879. (?) R. obtusu 

usculus Raf. Med. Repos. N. Y. II. 5: 359. 1808, nomen duhium, cf. Fern. 
Rhodora 38 : 173-5. 1936. R. Flammula var. major Hook. PL Bor. Amer. 
1 : 11. 1829. R. amlrigens var. ohtusiusculus Davis, Minn. Bot. Studies 2 : 
494. 1900, nomen duhium. 

Wet clay soil at low altitudes; Minnesota to Maine (York) and south- 
ward to Louisiana, Tennessee, southeastern Virginia (Appomattox River), 
and possibly Georgia (Chapman). Mostly coastal in New England. Largely 
hardwood forests. May to August. 

Type collections: (1) R. ohtusiusculus, “In New-Jersey in marshy 
places.^’ Observed in 1803 and 1804 by C. Rafinesque-Schmaltz. Pernald, 
loc. cit., writes as follows, “That Rafinesque^s drawing of an annual, with 
blnntish leaves, leafy-bracted peduncles, gamopetalous corolla, linear or 
linear-laueeolate sepals, and rounded obovate petals (his fig. 2), is not a 
recognizable illustration of R. amhigens, which is a coarse and obvious iferen- 
nial, with attenuate leaves, bractless peduncles, ovate sepals and distinct (as 
in all the genus) oblong petals, should be obvious. . . . Except for the alter- 
nate leaves the drawing of the habit could as well have been made from a 
vague recollection of Lysimachia (Steironema) lanceolata as from Ranuncu- 
lus amhigens.^^ (2) Var. major, “Canada. Mr. Goldie.^^ (3) R. amhigens, as 
first published (Bibl. Ind. N. Amer. Bot. 1 : 16. March, 1879) “In inundated 
places and small rivulets : Pennsylvania & Virginia.” 

52. Ranunculus Flammula L. Sp. PI. 548. 1753. 

Stems reclining, sometimes stoloniferous, rooting adventitiously at the 
lower nodes, 1-5 dm. long and 2-7 mm. in diameter, branching above and 
2-25-flowered, fistulous below, glabrous or with a few stout, appressed hairs ; 
leaves alternate, the blades simple, mostly oblanceolate, or lanceolate or some- 
times ovate-lanceolate, 2-6 or 8 cm. long, 3 or 5-10 or 13 mm. broad, entire or 
serrulate, acute at both ends, glabrous or somewhat appressed-hairy, the 
petioles mostly 2-7 cm. long ; petals 5, 4^8 mm. long, 4-7 mm. broad ; stamens 
25-50 ; achenes 20-50 in a globose head 3-5 mm. long and 4-5 mm. in diam- 
eter, each achene obovate, 1.4-1.7 mm. long, 1-1.2 mm. dorsoventrally, the 
achene beak stout, 0.1-0.2 mm. long, straight. 

Marshy ground near sea level ; Europe ; Quiddy Viddy Lake, Newfound- 
land, and Yarmouth County, Nova Scotia; occurring on the Pacific Slope 
(Washington and Oregon) as an intergrade to var. ovalis. Northern coni- 
ferous forest. July to early September. 
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Type collection: Habitat in Europae pascuis udis.^^ 

No one of the three following varieties is wholly clear in its definition. 
However the populations are well-marked in extreme forms : 

52 A. Ranunculus Plammula var. ovalis (Bigel.) L. Benson, comb. nov. 
N. filiformis Michx. var. ovali^s Bigel. PI. Bost. Ed. 2. 239. 1824, not J?. ovalis 
Raf. in 1814. B. reptans L. var. ovalis Torr. & Gray, PI. N. Am. 1: 16. 1838. 
U, nnalaschensis Bess, ex Ledeb. PI. Ross. 1: 32. 1842, as syn. B, Flammula 
L. var. nnalaschensis Ledeb. Bull. Soc. Nat. Mosc. 34^: 41. 1861. B, reptans 
L. var. striynlosus Preyn. Dents. Bot. Monatss. 8: 181. 1890. B. microion- 
chus Greene, Erythea 4: 122. 1902. B. Flammula var. varians Blankinship, 
Mont. Agric. Coll. Sci. Studies Bot. 1: 55. 1905. B. Flammula unalaschensis 
Piper, Contr. TI. S. Nat. Herb. 11: 272. 1906. B. Flanimul^i L. var. struju- 
losus Preyn ex Peek, Man. Higher PI. Ore. 302. 1941, nomen nudum. 

Steins 1-4.5 dm. long, mostly 0.8-1.5 mm. in diameter, not necessarily 
rooting at all or any of the nodes; radical leaf blades markedly broader than 
tlie jietioles, 1-5 cm. long, 1.5-7 or rarely 13 mm. broad, broadest at the mid- 
dles and tapering to both ends, entire, the petioles 2-6 or up to 13 cm. long ; 
eauline leaves 1-2 or 3 cm. long, 1.5-4 or 6 mm. broad, oblanceolate or broad- 
est at the middles; petals 5, (iomnionly 3.5-5 or rarely 2 or 6.5 mm. long; 
aehene beak 0.3-().6 mm. long; intermediate in quantitative characters be- 
tween B. Flammula and var. filiformis. 

Muddy or marshy ground or wet sand from sea level up to 1,000 meters 
elevation northward or up to 2,500 meters southward ; from Alaska south- 
ward to north-coastal and montane California, Arizona (Kaibab Purest), 
and Colorado and eastward to Newfoundland and New England. Summer. 

This variety is best-developed in the Western States, especially in the 
Pacific States. The New England and New York form, to which the type 
(Boston) must have belonged is really an intermediate between the extreme 
of var. oralis and var. filiformis. For this reason, the name var. strigulosus 
has been previously maintained for the Western form. However, the extreme 
form occurs here and there in eastern Canada and in the northern tier of 
states from Minnesota eastward. A form with unusually short, broad, thick 
radical and eauline leaves occurs in Newfoundland (St. John Bay, Fcrnald 
cl al. 28:256, GH ; Ingornachoix Bay, Fernald & Wiegand 3413, GH.) 

Type collections: (1) Var. ovalis, “Sent from Danvers by Mr. Nichols.’’ 
Mr. Weatherby of the Gray Herbarium wrote as follows on January 10, 1939, 
“We have none of Bigelow’s original material of B. reptans var. ovalis. 
Whether any exists, T do not know. I have no doubt, however, that the mate- 
rial we have represents this plant.” The common, rather broad-leaved form 
from the vicinity of Boston is accepted as similar to the type, (2) 2?. unala- 
schensis, “jB. unalaschensis, Besser in herb. Zeyheri.” “Hab. in Unalaschka ! 
(Chamiss., Eschsch.) ” This plant was interpreted by Pernald, Rhodora 19: 
137. 1917. as B, reptans var. ovalis. The type has not been seen. (3) Var. 
strigulosus, “Oregon. Mt. Hood. 24 Juli 1888, leg. Roll.” Peck in egmbining 
this varietal name under B, Flammula gave no reference to Preyn ’s com- 
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bination under R. reptans. (4) B, microlonchtis, “Collected by the writer in 
northern Idaho, Augrust, 1889.’’ Tjake Pend Oreille, Greene, Augf. 9, 1889. 
Type, HOr 2423, (5) Var. varims, “Crow Creek, Mission Mts. Montana, 
Aug., 1897, M. J. Elrod, 234.” It is possible that the new combination may 
be published first in Abrams, 111. PI. Pac. Sts. vol. 2. 

52B. Ranunculus Plammula var. FiLiBmMis (Michx.) Hook. R. 
reptans L. Sp. PI. 549. 1753. R. fiUformis Michx. PI. Bor. Am. 1: 320. 1803. 
R. reptans var. fiUformis DC. Syst. 1: 248. 1818. R, Flammula var. inter- 
media Hook. PI. Bor. Am. 1 : 11. 1829, in part. R. Flammula var. fiUformis 
Hook. PI. Bor. Am. 1: 11. 1829. R. Flammula \nr. reptans E. Mey. PI. Lab. 
96. 1830. B. reptans var. intermedins Torr. & Gray, F\. N. Am. 1: 16. 1838, 
ill part. B, intermedins Heller, Bull. Torrey Club. 26: 580. 1896, neither 
Poir. in 1804. nor. Eat. in 1822. 

Stems stoloniferous, reclining, rooting adventitiously, 1-3 or rarely 4 dm. 
long and 0.2-1 mm. in diameter, rarely larger in the lowest internode, branch- 
ing or unbranched, radical leaves simple, filiform or linear, not or else barely 
expanded into a blade, 1.5-6 or 9 cm. long, 0.5-1.5 mm. broad, entire, distal ly 
truncate with a differentiated (callus or glandular ?) apex, glabrous or with 
stout, appressed hairs about 2-8 mm. long; cauline leaves in clusters at the 
nodes where roots enter the soil, actually alternate, the blades expanded, 
tapering to both ends, 3 mm. long, 1-1.5 or 2 mm. broad, petioled; petals 5 
or up to 11, 2-4 or rarely 7 mm. long, 1.3-2.5 or rarely 3.5 mm. broad; 
stamens 5-25; achenes about 5-15 in a hemispherical cluster 1.5-2.5 mm. 
long by 2-3.5 mm. in diameter, each achene 1.3-1. 6 mm. long, 1. 1-1.2 mm. 
dorsoventrally, the achene beak slender above, 0.3-0.5 or rarely 0.2 or 0.7 
mm. long, recurved. ^ 

Marshy ground of lakes, streams, and ditches from sea level (northward) 
to 2,000 meters elevation (southward) ; Northern Europe .and Northern 
Asia ; Alaska to Labrador and Greenland and southward to Bull Lake Creek, 
Wyoming, and the northern tier of states from Minnesota eastward ; New 
England ; Susquehanna River in northeastern Pennsylvania. Northern 
coniferous and Northeastern hardwood forests. Summer. 

Type collections: (1) R, reptans, ^^Hahitat in Suecia.” (2) R. fiUformis, 
“Hab. ad ripas S. Laurentii et sinum Hudsonis.” (3) Var. intermedia, “On 
gravelly banks of rivers from Canada to lat. 60°. Dr. Richardson. Drum- 
mond. Newfoundland. Mr. Morrison.^ ^ The description was as follows: ^^in- 
termedia; caule repente gracili, foliis anguste lanceolatis superioribus line- 
aribus integerrimus. ” According to Pernald, Rhodora 19: 137. 1917, “It is 
clear that Hooker was merely separating from the true slender-leaved R. 
reptans (his R. Flammula fiUformis) a broader-leaved but repent slender 
plant of Canadian river banks, a plant scarcely separable from R. reptans, 
but somewhat broader-leaved than the typical form of the species.” 

52C. Ranunculus Plammula var. samolifolius (Greene) L. Benson, 
comb. noy. R. samolifolius Greepc, Pittonia 3: 13. 1900. R. reptans var. 
samolifolius L. Benson, Am. Jour. Bot. 23: 171. 1936. 

Stems 1-4 dm. long, rather stout ; leaf blades ovate to obovate or very 
broadly oblanceolate, 1.5-3 cm. lotig, 1-1.2 cm. broad, usually sessile and the 
petioles usually sheathing the sten;^ ; otherwise like var. ovalis. 
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Mountain meadows at 1,500-2,000 meters elevation ; Cascade Mountains 
from Klamath County, Orep:on to Plumas County, California. Northern 
Coniferous and Western Pine Forests. Summer. 

A fairly well-marked geographical form, the characters of which barely 
entitle it to varietal rank. 

Type collection: “A well-marked species of the higher Sierra Nevada, 
Calif., from Mt. Shasta southward.” The following specimen from the only 
definite locality mentioned is designated as a lectotype : Mt. Shasta, C. H. 
Dinwiddle in 1883, HGr. 2456, It represents the extreme form of the variety. 
Publication of this variety in Abram’s Illustrated Flora of the Pacific States 
Vol. 2 may precede publication here. 

Significant specimens, cf. L. Benson, Am. Jour. Bot. 23: 171. 1936. 

53. Ranunculus hydrociiaroides A. Grav, Mem. Am. Acad. II. 6: 306. 
1855. 

Glabrous aquatic or palustrine perennials ; stems procumbent or floating 
or some of them suberect, rooting at the lower nodes, 10-25 cm. long and 
1.5-4 mm. in diameter, 1-3-flowered, often fistulous; radical leaf blades sim- 
ple, ovate, 1.5-3.5 cm. long, 1-2.8 cm. broad, entire, proximally truncate or 
rarely subcordate and distally usually acute, petioles 2-3.5 cm. long, stipular 
leaf bases 0.5-1 cm. long; cauline leaves alternate, like the radical, petioled; 
petals 5. 

Marshes, streams, and springs at 2,200 or 2,400 meters ; Owens Lake (un- 
doubtedly the Sierra Nevada above it), California; Flagstaff, the White 
Mountains, and southeastern Arizona; southwestern New Mexico; north- 
western Mexico. Western pine forest. June to September. 

Type collection: ‘‘In wet marshes, Mabibi, Sonora; June.” Thurber. 

53A. Ranunculxts hydrocharoides var. stolonifer (Ilemsl.) L. Ben- 
son, Am. Jour. Bot. 27: 187. 1940. R. stolonifer Hemsl. Diagn. PI. Nov. 17. 
1879. 

Palustrine ; flowering stems erect, 1-3 dm. long, slightly fistulous, stolons 
2-4 dm. long ; radical leaf blades cordate or ovate, 0.7-3.7 cm. long, 0.4-3 cm. 
broad, dentate ; cauline leaves narrowly elliptic, 1.5-3 cm. long, 0.2-0.8 cm. 
broad, usually dentate ; petals perhaps sometimes more than 5. 

Marshy ground of springs and streams in the mountains at about 2,000 
meters elevation; Eastern Arizona; New Mexico; Mexico. Western pine 
forest. Summer. 

Type collection: “Mexico, in regione San Luis Potosi, alt. 6000-8000 ped., 
Perry et Palmer, 4. (Hb. Kew.) ” 

54. Ranunculus Gormanii Greene, Pittonia 3: 91. 1896. E, reptans L. 
var. Gormanii Davis, Minn. Bot. Studies 2: 498. 1900. R. terrestris Wynd, 
Torreya 30 : 53. 1930. 

Boggy mountain meadows at 2,000-2,500 meters; Cascade Mountains 
from the Three Sisters, Oregon, to the Siskiyou and Klamath Mountains, 
California. Northern coniferous forest. June and July. 
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Type collections: (1) R, Gormanii, “On moist banks at Cathedral 
Springs, Crater Lake, in southern Oregon, 22 Aug., 1896, collected by Mr. 
M. W. Gorman.’’ The type is HQr. 2408, (2) R. terrestris, “The type has 
been deposited in the Herbarium of the University of Oregon as : — Wynd^ 
no. 2086, Red Blanket Creek in the southwest corner of Crater Lake National 
Park.” 

Significant specimens, cf. L. Benson, Am. Jour. Bot. 23 : 172. 1986; 
Madrono 2 : 129. 1934. 

55. Ranuncitlus Populago Greene, Erythea 3 : 19. 1895. R. Ctisickii 
Jones, Proc. Calif. Acad. II. 6: 615. 1895. R. alismellns (A. Gray) Greene 
var. Populago Davis, Minn. Bot. Studies 2: 496. 1900. 

Mountain meadows at 1,500-2,000 meters elevation; Blue Mountains, 
Washington, to the Bitterroot Mountains, Idaho, and the Siskiyou Moun- 
tains and Butte County, California. Northern coniferous forest. Summer. 

Type collections: (1) R. Populago, “A somewhat rare plant of the moun- 
tains of eastern Oregon and adjacent Idaho, distributed by Mr. Cusick and 
others under various names. ...” Greene, Pittonia 3 : 14. 1896, added the 
following statement, “Kanttnciu.us Populago, Greene, Eryth. iii, 19, has 
a synonym in R. Cusickii, Jones, Proc. Calif. Acad. n. ser. v. 615. Cusick ’s 
number 1161 is also my type of the species.” The type is HGr. 2756. (2) R. 
Cnsickii, “The type is No, 1161, Cusick, Eagle Co., Or., 1884, 6000° alt.” 

Significant specimens, L. Benson Am. Jour. Bot. 23 : 171. 1986; Madrono 
2 : 129-180. 1934. 

56. Ranunculus laxicaults Darby, Bot. S. Sts. 204. 1855. R. IHam- 
mula L. var. laxicaulis Torr. & Gray, FI. N. Am. I: 16. 1838. R. pusillus 
var. denticulatus Torr. & Gray, PI. N. Am. 1: 17. 1838. R. texensis Engelm. 
apud Engelm. & Gray, Bost. Jour. Nat. Hist. 6: 210. 1847. 

Stems erect or reclining, rooting adventitiously at only the lowest )iodes, 
1-5 dm. long and 1-5 mm. in diameter, freely branching, fistulous; radical 
leaf blades simple, oblong to ovate-obtuse, 1-4 cm. long, 6-18 cm. broad, 
dentate or entire, proximally truncate or rounded and distally truncate or 
obtuse, petioles 1-7 cm. long, stipular leaf bases 0.5 to about 1 cm. long; 
petals 5, 3-4 or 7 mm. long, 1.5-2 mm. broad. 

Marshy ground and ditches at low elevations; lowlands near the Missis- 
sip])! River system from Missouri, southern Illinois, and northwestern Ken- 
tucky southward to southeastern Texas and thence eastward to northeastern 
Georgia and northward on the coastal plain to Maryland (Snow Hill) and 
Delaware (Laurel). River bottom forest. April to June. 

Long known as R. oblongifolius Ell., which is a synonym for R. pusillus 
Poir. 

Type collections: (1) Var. laxicaulis, “Milledgeville, Georgia, Dr. Boy- 
kin!^^ The writer has not locate( 5 l the Boykin specimen at the New York 
Botanical Garden or elsewhere. Dr. Fernald, Rhodora 38 : 173-5. 1936, 
writes as follows concerning applicability of the name R. laxicaulis to R. 
ambigens S. Wats. “The Boykin specimen, type of R. Flammula (3 laxicaulis 
is not at the Gray Herbarium and Dr. Gleason writes me that it cannot be 



1942] 


BENSON: RANUNCULUS 


309 


found in the Herbarium of the New York Botanical Garden. Nor have I 
seen in either herbarium any material [of R, amhigens] from the Atlantic 
States from south of Delaware or Maryland, althoujrh there is a specimen 
without detailed data at New York said on the copied label to be from Georgia. 
This, however, is one of the many uiilocalized sheets from Chapman, too 
many of which are open to doubt. The petals of K. amhigens only slightly 
exceed the sepals (sepals 5-7 mm. long, petals 5-8 mm. long) ; but Torrey 
& Gray described the ^petals . . . three times as long as the calyx.’ They 
also had ‘a weak much branched’ plant with ‘leaves all entire,’ not a con- 
vincing descri])tion of the coarse stem (0.5-2 cm. thick at the base), simple 
or slightly forking, of R. amhigens^ which has the middle and upper leaves 
toothed. Their description suggests R, ohlongifolius Ell. ; at least it is un- 
wise to maintain R, laxicaulis for the undoubted R. amhigens.^ ^ Fernald, 
Rhodora 41: 541-2. 1939, argued further as follows: “Both the original 
Torrey & Gray account of Boykin’s plant and the fuller account by Darby 
are perfect descriptions of the plant erroneously passing as R. ohlongifolius. 
This I intimated in 193(5 (Rhodora, xxxviii. 175), when I showed that the 
name R. laxicaulis certainly does not belong to R. amhigens Wats. Although, 
as then stated, the type can not be found, the descriptions are so convincing 
to one who has followed through the surrounding vegetation the ‘weak, 
much branched, declined’ stems, ‘rooting at the lower joints,’ that I now 
have no hesitation in taking up for R, ohlongifolius of authors, not Ell. the 
appropriate name R. IjAxtcauijs (T. & G.) Darby.” (2) Var. dentictilat'us, 
“3 Texas, Dvummond.^^ (3) R. fcxensis, “Margin of ponds, &c. near Hous- 
ton. April.” F. Lindhcimcr. “The collection of 1843 was made on Galveston 
Island, around Houston, on the Brazos, &c.” The specimen at the Gray Her- 
barium is from Houston, April 1842, legit Liiidheimer 1843. 

56A. Ranunculus laxicaulis var. mississipiensis (Small) L. Benson, 
comb. nov. R. mississipiensis Small, Bull. Torrey Club 27 : 277. 1900. 

Stems 3 or 5-6 nim. in diameter; basal leaves ovate-acute, 3 cm. long, 2 
cm. broad, strongly dentate; petals 6-10, 5-9 mm. long, 2-2.5 mm. broad. 

Marshy ground at low elevations; Lincoln County (Varner) and Ashley 
County (Mist.), Arkansas, and “Alluvions of Mississippi.” River bottom 
forest. Early spring. 

A rather poorly differentiated variety. 

Tgpe collection: “Arkansas: Varner, Lincoln Co., April 28, 1898; Bushy 
no. 12. Mississippi; ‘Alluvions.’ 1840; Pcck/^ In a conversation with the 
writer at the New York Botanical Garden about August 1, 1935, Dr. Small 
designated the Mississippi “alluvions” specimen at the New York Botanical 
Garden as the type. According to the writer’s note, it was collected by Short. 

57. RanuncuIjTts pusillfs Poir. in Lam. Eucyc. Meth. 6 : 99. 1804. R. 
humilis Pers. Syn. 2 : 102. 1807. R. ohlongifolius Ell. Sketch. 2 ; 58. 1816. R. 
pusUlus var. muticus Torr. & Gray, PI. N. Am. 1 : 17. 1838. R. pusillus var. 
ohlongifolius Torr. & Gray, PI. N. Am. 1 : 17; 1838. R. trachyspenmus 
Engelm. var. Lindheimeri Engelm. apud En$;elm. & Gray, Bost. Jour. Nat. 
Hist. 6 : 211. 1847. R. pusillus var. Lindheimeri A. Gray, Proc. Am. Acad. 
21 : 367. 1886. R. Biolettii Greene, Pittonia 2 : 225. 1892. 
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Radical and lower cauline leaf blades simple, oblong to ovate or rarely 
cordate, distally truncate or rounded ; sepals 1-1.5 mm. long ; achenes 15-50 
in a hemispherical head about 4 mm. in diameter or an ovoid head 2-4 mm. 
long by 2-2.5 mm. in diameter, each aehene oblong-obovate, 1 mm. long, 0.7 
mm. dorsoventrally, 0.3 mm. laterally, smooth or slightly or markedly papil- 
late, glabrous, margin inconspicuous, the style in anthesis 0.1-0.2 mm. long, 
the aehene beak 0.1-0.2 mm. long, receptacle pyriform or spherical, 1.5-2 
mm. long in flower and 1.5-3 mm. long in fruit, glabrous. 

Shallow Avater of ditches and marshy ground at low elevations; Missouri 
to New York, southeastern Texas, and Georgia. April to June. 

The form occurring in the Gulf States has strongly-papillate achenes. 
It has been called var. LindheinierL This form is either native or naturalized 
ill the seaward Coast Ranges of California from Humboldt County to the 
Santa Cruz Mountains and eastward to Napa County. 

Type collectiom: (1) R. pusillus, *^Ce\te plante croit dans la Caroline, 
dans les lieux humides & marecageux. Elle m^ a etc communiqiiee par M. 
Bose, qui Vy 8i recuellie.’^ (2) R. humilis, ^^R. pusillus Poir. enc. bot. 6. p. 99. 
R. Flammula Walter. Hab. in Carol, humilis.^^ (3) i?. ohlongifolius, ‘‘Col- 
lected 12 miles from Savannah on the Augusta road. St. JohiCs Berkley. 
Dr. Macbride.^' According to Fernald, Rhodora 41: 542. 1939, “. . . When 
Mr. Long and I studied Elliott ^s material at Charleston in early April, . . . 
we found that the type of /?. oblongifolius is characteristic large material of 
R. pusillus. . . (4) Var. miitieus, “New York! to Pennsylvania.^^ The 

specimen in the New York Botanical Garden, labelled Torrey, Flora of New 
York (abbreviated) is designated as a lectotype. (5) Var. Lindheififieri, 
“Near Houston, etc. but not growing together with No. 2 \R. trachy- 
spermxis]^^^ Lindheimer in 1843. (6) R. Biolettii, “On Hood^s Peak, Sonoma 
Co., California, May 1, 1889, Mr. F. T. Bioletti.’^ 

57A. Ranunculus pusillus var. angustifolius (Engelm.) L. Benson, 
comb. nov. R. trachyspermxis Engelm. apud Engelm. & Gray, Bost. Jour. 
Nat. Hist. 5: 211. 1847, not Ell. in 1816. R. trachyspermus var. angusii- 
folitis Engelm. apud Engelm. & Gray, Bost. Jour. Nat. Hist. 5: 211. 1847. 
R. iener Mohr, Contr. U. S. Nat. Herb. 6: 513. 1901. 

Lower leaves commonly distally acute; sepals 1.5-2 mm. long; achenes 
50-125, rarely fewer, in a cylindrical head usually 5-8 mm. long, each aehene 
densely and conspicuously papillate; receptacle cylindrical, 4-7 mm. long in 
fruit. 

Ditches and marshy ground; southeastern Texas; Auburn and Mobile, 
Alabama. River bottom forest. April to June. 

Type collections: (1) 2?. trachyspermus, “Margin of ponds near Huston, 
&c.,’^ Lindheimer. The specimen in the Gray Herbarium bearing Engel- 
mann’s label was collected in ApriJ 1842, legit Lindheimer in 1843 ; Houston, 
Texas. It is numbered 2. (2) Var. angustifolius, “Near Houston, etc. but not 
growing together with No. 2 [2?. trachyspermus],^^ Lindheimer in 1843. The 
specimen is number 3. (3) B. tener. Nomen novum for 2f. trachyspermus. 
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58. Ranunculus alveolatus Carter, apud Benson & Carter, Am. Jour. 
Bot. 26:555. 1939. 

Margins of ponds and marshy areas along small streams up to 1,000 
meters elevation ; Sierra Nevada foothills from Calaveras County to Placer 
County, California. Oak woodland. April and May. 

Type collection: ‘‘The type specimen was collected betw’^een Pair Oaks 
and Folsom, 1^ miles southeast of Orangevale. Sacramento County, April 
25, 1937, Annetta Carter 1244 {Herbarium of the University of California 
No, 604080.)^^ 


SECT. 5. HECATONIA (lour.) DC. 

Stylos and aelione beaks practically lacking, the stigmas nearly sessile; 
aclieiie with or without corky thickening of the pericarp. 

Achenes smooth on the faces; receptacle not more than 5 mm. long in 
fruit ; perennials ; stems rooting at the nodes. 

Leaves not cordate at the bases ; achenes 10-20 ; receptacle but slightly 

enlarged in fruit, 1.5 mm. long 58. R, hyperboreus 

Leaves (at least some of them) cordate at the bases; achenes 20-60; 

receptacle greatly enlarged in fruit, 3-5 mm. long 59. R, nalans 

Achenes marked on each face by either minute rough transverse ridges 
or by a circle of ^ ‘ pin pricks * ^ at the inner margin of the periph- 
eral pericarp thickening; annuals; stems never rooting adventi- 
tiously except in one rare variety; receptacle greatly enlarged in 

fruit, 2.5-9 mm. long 60. R, sceleratus. 

Styles and achene beaks well-developed, the beaks at least half as long as 
the achene bodies, 0.6-1.5 mm. long; achenes with conspicuous 
corky thickening of either the keel or the pericarp beside the keel. 

Achenes each with corky thickening beside the inconspicuous keel (espe- 
cially in the basal and ventral regions) ; leaves once- or twice- 
parted or -lobed, pentagonal, 1-2 cm. long by 1.5-2.5 cm. broad; 
anthers elliptic, 0.5-1 mm. long; petals 4-7 mm. long 61. R. Gmelinii, 

Achenes each with a conspicuous corky keel; leaves of aejuatic specimens 
finely dissected into ribbon-like segments 1-2 mm. broad, the blades 
1.5-10 cm. long and 2-12 cm. broad; anthers oblong, 1-1.5 ram. 
long; petals 7-15 mm. long 62. R, flahcllaris 

58. Ranunculus hyperboreus Rottb. ISkrift. Kjoeb. Seisk. 10: 458. 
1770. R, hyperboreus f. fluitans Porsild, Meddel. Groeul. 60: 375. 1912. 

Marshy ground in boreal regions near the sea ; cireumboreal ; from Alaska 
along the shore and islands of the Arcitie Ocean to Greenland ; Old Hollow- 
top, near Pony, Montana. Arctic- Alpine Grassland. July to August. 

Type collection: (1) R. hyperboreus, “Island.^’ The title of the Article is 
“Rare Planter som i Island of Gr^nland.’’ (2) F. fluitans, “Neighborhood of 
Proven 7 the northern district of Umanaq . . . occurs in pools. 

59. Ranunculus natans C. A. Mey. in Ledeb. Ic. 2: 114. 1830. iJ. 
hyperboreus Wahl. var. natans Regel, Reisen Ost-Sib. 1: 43. 1861. R, inter- 
iextus Greene, Ottawa Nat. 16: 33. 1902. 

Ponds and lakes at 2,000-2,700 meters elevation in the Central Rocky 
Mountains and at lower elevations northward ; Siberia ; Nordeggj Alberta ; 
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Custer County and Beaver Canyon, Idaho ; Wyoming and Colorado. North- 
ern Coniferous Forest. July and August. 

Type collections: (1) J2. natans, “Hab. in aquis stagnatibus ad fl. 
Tscharysch, in fl. Mon et Tegagon in fl. Tschiya influentibus.’’ Flora Ros- 
sicam-Altaicam. (2) R, intertexhis, ‘‘Common almost throughout the Rocky 
Mountains, as an aquatic of subalpiiie ponds and swamps.’’ “Hitherto re- 
ferred to R. naians of Europe.” 

60. Ranunculus sceleratus L. Sp. PI. 551. 1753. 

Stems erect, never rooting adventitiousl.y, 1-10 dm. long and 2-15 mm. 
in diameter; radical leaf blades simple, reniform, 1-3 or 6 cm. long, 1.5-5 or 
10 cm. broad, deeply 3-parted or -divided, the primary parts or divisions 
usually merely lobed, but sometimes parted or divided, the ultimate lobes 
obtuse, the sinuses rounded, proxinially cordate and distal ly rounded, peti- 
oles 3-12 cm. long, stipular leaf bases 5-10 mm. long, broad ; eflch achene 
obovate, 0.8-1 mm. long, 0.6 mm. dorsoventrally, 0.3 mm. laterally, with 
minute, irregular transverse ridges in the central unthickened portion of 
each face, the periphery of the pericarp at least somewhat corky-thickened, 
glabrous, marginal keel obscure, the style and the achene beak almost lack- 
ing, 0.1 mm. long, not recurved. 

Borders of lakes and marsh-land at low elevations; Europe; naturalized 
about Seattle and the islands of Puget Sound, Washington, and at Portland, 
Oregon; native or naturalized from Michigan and Missouri to Rivere du 
Loup, Quebec, and York Harbor, Maine, and southward to North Carolina 
and the Louisiana Delta Region. Mostly coastal in New England. Hardwood, 
river bottom, and southeastern pine forests. June to September. 

Type collection: Habitat ad Enropae fossas cfc palndes/^ 

60 A. Ranunculus scEiiERATUs var. multifidus Nutt, in Torr. & Gray, 
Fl. N. Am. 1: 19. 1838. R. eremogenes Greene, Erythea 4: 121. 1896. R. 
eremogenes var. degener Greene, Pittonia 4: 144. 1900. R, eremogenes var. 
pilosnhis Greene, PI. Baker, 3: 2. 1901. R, eremogenes var. puhescens 
Lunell. Bull. Leeds Harb. (2) : 6. 1908. R. sceleratus var. eremogenes Gar- 
rett, Spring Fl. Wasatch Reg. 25. 1911. 

Radical leaves usually with the primary parts or divisions again deeply 
parted or divided; pericarp smooth except for a circle of minute “pin 
prick” depressions on each face at the inner margin of the peripheral thick- 
ened zone ; otherwise like the typical species. 

Borders of lakes, ponds, and streams at 1,000-2,100 meters elevation; 
Alaska (Matanuska)and the Yukon to the Great Basin and the Great Plains 
as far south as California (northeastern Siskiyou County and Modoc 
County), Nevada, and Colorado; Sacaton, Arizona, and Rio Arriba and 
Grant Counties, New Mexico; Minnesota. Best-developed in the northern 
desert and the plains grassland. May to August. 

Type collections: (1) Var. multifidus, “Ponds of the Platte, Nuttall.” 
(2) JB. eremogenes, “Plant of wet springy places and margins of pools in 
the West American desert regions, through the Great Basin, and to south- 
eastern Oregon and northwestern British America ; the American counter- 
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part of the Old World R, sceleratus, to which it has been erroneously re- 
ferred, being the R. sceleratus, var. multifidus of Nuttall. . . . Thouj^h first 
detected by Nuttall on the plains of the Platte, the most luxuriant specimens 
seen by me are from the region of the muddy lakes that lie along the north- 
western border of the Great Basin in northeastern California and adjacent 
Oregon. Smaller specimens, with leaves more finely divided were collected 
beyond the British boundary, on Milk River Ridge, by Mr. Macoun, in 1895 
(n. 10036). . . Apparently R, eremogenea was intended as a nomen novum 
for R. sceleratus var. multifidus, and that is the interpretation of the writer. 
Therefore, NuttalPs collection from ‘‘Ponds of the Platte’’ is considered to 
be the type of this species. (3) Var. degener, “Obtained in southern Colo- 
rado, in the summer of 1899, by C. P. Baker, perhaps near Pagosa Springs, 
but the label has been lost.” HGr. 2929 and 2930 have C. P. Baker’s Pagosa 
Springs labels and these two sheets are designated as a lectotype. (4) Var. 
pilosulus, “In damp places above Gunnison, 17 Jul}^ n. 454.” C. F. Raker, 
The type specimen in the Herbarium Greeneanum is not numbered with the 
stamp used on the other sheets. The following is quoted from the label, “in 
damp spots in bottoms.” (5) Var. pubescens, Leeds, Lunell, 

GOB. Ranunculus sceleratus var. longissimus (L\inell) L. Benson, 
comb. nov. R. cremogenes Greene var. longissimus Lunell, Am. Midi. Nat. 
1 : 206. 1910. 

Glabrous acpiatic ; stem of the type specimen exceeding 7 dm. above the 
point of breaking (when collected) ; leaves all cauline, 1.8-2.3 cm. long, 3-4.3 
cm. long, 3-parted, the parts broadly cuneate, again 3-7-lobed or -cleft, the 
lobes rounded; petioles from submersed nodes up to 35 cm. long, the stem 
producing long filiform adventitious roots; mature fruit unknown. 

Running water, Leeds, North Dakota. Summer. 

Type collection: “In running water Leeds [North Dakota], June 27, 
1909. Plant rooting from the nodes with long, slender fibers, the low^r leaves 
very long-petiolcd.” (Quoted from the label of the type specimen. Her- 
barium of the University of Minnesota 257628.) Collected by Lunell, 

61. Ranttncultts Gmelinii DC. var. terrestris (Ledeb.) L. Benson, 
comb. nov. R, Purshii Richards, Bot. App. Prankl. 1st. Jour. 751. 1823. 
R. fistulosus Pursh ex Torr. Ann. Lye. N. Y. 2 : 163. 1826, as syn. R, limosus 
Nutt, in Torr. & Gray, PI. N. Am. 1 : 20. 1838. R, Purshii var. terrestris 
Ledeb, FI. Ross. 1 : 35. 1842. R. multifidus Pursh var. repens S. Wats. Rept. 
IT. S. Geol. Bxpl. 40th. Par. 6: 8. 1871. R. Purshii var. dissectus Lunell, 
Bull. Leeds Herb. (2) : 6. 1908. R. Purshii var. geranioides Lunell, Bull. 
Leeds Herb. (2) : 6. 1908. R. Purshii var. radicans Lunell, Bull. Leeds 
Herb. (2) : 6. 1908. R, Omelinii var. Purshii Hara, Rhodora 41 : 386. 1939. 
R, Gmelinii var. limosus Hara, Rhodora 41 : 386. 1939. 

Glabrous or hairy palustrine or aquatic perennials; stems reclining or 
floating, rooting adventitiously, 1-4 dm. long and 1.5-3 mm. in diameter, 
a little branched, commonly 1-4-flowered, fistulous ; leaves all cauline and 
alternate or the basal present and longer-petioled, the blades compactly 
pentagonal, 1-2 cm. long, 1.5-2.5 cm. broad, very rarely largei;, deeply 
3-parted or -divided, the divisions 2-3 times forked or sometimes dissected 
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into ribbon-like divisions, proximally deeply cordate and distally rounded, 
petioles 1-3 or 4 cm. long:, stipular leaf bases 3-6 cm. long: ; bracts 1-3 ; petals 
5, yellow, circular or obovate, 4r-7 mm. lon<?, 3-6 mm. broad, the nectary scale 
glabrous, its margins prolonged into flaps, the tips of which are usually free 
from the petal, or the margins joined distally or sometimes as in B. flabeU 
laris. 

Mud or sometimes shallow^ water of lakes, stream borders, and marshes 
up to 1,500 or 2,000 meters elevation; Alaska to 58^^ 50' N. Lat. in Keewatin, 
and to Prince Edward Island and Nova Scotia and southward to Oregon 
(Klamath Lake), Nevada (Humboldt Wells), Colorado, North Dakota, 
Minnesota, Michigan, and Maine (Aroostook County) ; one collection from 
New Mexico. Northern coniferous, western pine, and northeastern pine 
forests ; plains and prairie grassland. Late May to August. 

Type collections: (1) B. PursMi, “ (W. B.) ” (W) Denotes the Avooded 

country from lat. 54° to 64° north.’’ ‘‘(B) Denotes the Barren Grounds 
from Point Lake to the Arctic Sea.” Collected by Richardson. (2) B. limo- 
sus, “Margins of ponds in the eastern ranges of the Rocky Mountains, 
Lewis’s River, &c. . . . Nutt.” (3) var. ierrestris, “Hab. ad sin: Esch- 
scholtzii in plaga artica Americae boreal i-occidentalis ! (Chamiss., Esch- 
scholtz. Hook, et Arn.)” (4) Var. repens, “Weber Valley, Utah; altitude 
5,000 feet; August.” S. AVatson. (5) Var. dissectiis, “The lobes just as 
deejily cut [as in var. schizanthus], but the segments broader (as in Gera- 
nium dissectum L.) The prevalent land form.” The specimen collected by 
Lunell “In margine paludis” at Leeds, Benson County, North Dakota, June 
18, 1906 is designated as a lectotype, TIM 2577J6. (6) Var. geranioides, 
“The lobes not as deeply cleft, and the segments still broader than in var. 
dissectus (the leaf resembles in outline Geranium molle L.) ” The specimen 
collected at Leeds, North Dakota, June 16, 1900, Lnucll f15 is designated as 
a lectotype, TIM 257708. (7) Var. radicans, “Creeping, and rooting re- 
peatedly from the nodes. Leaves mostly the form of var. geranioides.” The 
specimen collected in mud on the peninsula of Lake Ibsen, Benson County. 
North Dakota, July 6, 1908 by Lunell is designated as a lectotype, UM 
209851. B. Purshii var. humifusus Lunell, Amer. Midi. Nat. 4: 358. 1916, is 
a new name for B. radicans Regel, Reisen in den Suden von Ost-Sibirien or 
PI. Radd. 1 : 44-5. 1861. It is based upon an Old World type, as follows : “Am 
nordlichen Lifer des Baikel aiif sumpsigen Wiesen.” 

61 A. Ranunculus Gmelinti var. yukonensis (Britt.) L. Benson, comb, 
nov. B. ynkonensis Britt. Bull. N. Y. Bot. Gard. 2: 169. 1901. K. Purshii 
subsp. yukonensis Porsild, Rhodora 41: 229. 1539. 

Palustrine; stems 0.5-2 dm. long; leaves about 0.8-1 cm. in diameter. 

Northern Alaska (reported) and the Yukon District; Marble Mountains, 
British Columbia (Upper Hat Creek, 3,000 feet, J. W. & Emily M. Thomp- 
son 356, T, B, July 12, 1938). Northern coniferous forest. Summer. 

Type collection: “Mouth of the Bonanza Creek, Dawson, June 18, 1899, 
R. S. Williams (type).” 

61B Ranunculus Gmelinii var. prolificus (Fern.) Hara, Rhodora 41: 
386, 1939. B. multifidus Pursh. var. terrestris A. Gray, Man. Ed. 6: 41. 
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1867, not E. Purshii var. ierrestrin Ledeb. in 1842 {R, Gmelinii var. terres- 
iris L. Benson). JB. limoso x sceleratus Greene, Pittonia 2: 65. 1890. R. 
l/icHstris Beck & Tracy var. terrestris McMillan, Metasp. Minn. Valley 247. 
1892. R. delphinifolius Torr. var. ierresiris Parwell, Ann. R^pt. Comm. 
Parks & Boulev. Detroit 11; 63. 1900. R. delphinifolius terrestris Piper, 
Contr. U. S. Nat. Herb. 11: 272. 1906. R. delphinifolius f. terrestris Blake, 
Rliodora 15; 164. 1913. R. Purshii var. jmdificus Fern. Rhodora 19: 135. 
1917. 

Stems uprijrht; flowers paniculate, about 7-50 per stem; bracts numer- 
ous; otherwise like the first variety. 

Muddy j?round of stream and lake banks at low elevations ; in scattered 
northern localities; Montpelier, Idaho; Belj^rade and Bozeman, Montana; 
Michigan; Magdalen Islands, Quebec. Northern coniferous forest. Summer. 

Type collections : (1) Var. terrestris, ‘‘Ann Arbor, Michigan, on muddy 
banks. Miss Clark. Cf. Fern Rhodora 38; 173. 1936. (2) R. limoso x scelera- 
tus, “I obtained it in July last, on the muddy shores of Bear Lake, near 
Montpelier, Idaho.’* Greene in 1889. The type is HGr. 1171. (3) Var. pro- 
lificus, “Magdalen Islands: Wet meadow. Grindstone, July 22, 1912, Fer- 
nald, Bartram, Long, & St. John, no. 7482. (type in Gray Herb.) ” 

61 C. Ranunculus Gmelinii var. schizanthus (Lunell) L. Benson, comb, 
iiov. R. Purshii var, schizanthus Lunell, Bull. Leeds Herb. (2) : 6. 1908. 
R. Purshii var. polynwrphus Lunell, Bull. Leeds Herb. (2) : 6. 1908. 

Leaves all more or less deeply dissected, the aerial ones deeply 3-parted 
or -divided and again 2-3 times parted and cleft, about 3-3.5 cm. in diam- 
eter, the submersed ones finely dissected into linear ribbons 1-2 mm. broad, 
the blades 6-9 cm. in diameter; petals obdeltoid, 6-7 mm. long, 6-7 mm. 
broad, 2-3-lobed or -cleft, the nectary scales as in R. flahellaris. 

Sloughs and lake borders at Leeds and Lake Ibsen, Benson County, North 
Dakota. Known only from the collections of Dr. J. Lunell. Prairie grassland. 
May and June. 

It is possible that this is really a form of R. flahellaris. The fruit is 
unknown. 

Tj/pe collections: (1) Var. .^chizaiithus, “Leaves divided into three lobes, 
and the lobes finely dissected.” No type collection given. The specimen in 
the Herbarium of the University of Minnesota, collected along sloughs at 
Leeds, North Dakota, June 1, 1903, Lunell 448 is designated as a lectotype, 
TIM 2r)77()l and 257702. (2) YaY. 4 >olymorphus, “The emersed leaves present 
forms 1, 2, and 3 just described. The submersed leaves are capillary multifid 
(filiform dissected). Stems elongated, sometimes several meters in length.” 
No type collection given. The collection from the Peninsula of Lake Ibsen, 
North Dakota, May 23, 1908, Lunell 447 is designated as a lectotype. It is 
TIM 257709, 257710, and 257711. The epithet .schizanthus was applied to a 
palustrine form and the epithet polymorphus to an aquatic form. 

62. Ranunculus flabellaris Raf. apud Bigel, Amer. Mo. Mag. 3; 344. 
March, 1818. R. multifidus Pursh, PI. Amer. Sept. 2; 736. 1814, not Porsk. 
in 1775. R. fluviatilis Bigel. PI. Bost. Ed. 1. 139. 1814, not Willd. in 1799. 
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R. delphinifolius Torr. in A. Eat. Man. Bot. Ed. 2. 395. May or later, 1818, 
ef. Pern, llhodora 38 : 171-3. 1936. R. lacustris Beck & Tracy in A. Eat. 
Man. Bot. Ed. 3. 423. 1822. R, missouriensis Greene, Erythea 3 : 20. 1895. 
R. delphinifolius f. submersiis Gluck, Beih. Bot. Cent. 39 (2) : 328. 1923. 
R, flnhellaris f. ripariits Pern. Rhodora 38 : 171. 1936. 

Shallow water or mud up to 1,500 meters elevation in the West; Britisli 
Columbia to Eastern AVashinjifton and Oregon, the lower (Columbia River, to 
Humboldt, Mendocino, and Modoc Counties, California, to Star Valley, 
Nevada; and east to Ontario, Maine, and New Jersey; south in the Missis- 
sippi Valley to Louisiana. Western pine forest ; plains and prairie {grassland ; 
harwood forests. 

Type collections: (1) R. multifidus, ‘‘In Tipper Louisiana . . . Brad- 
bury . . . r. s. in herb, Bradbury, (2) R, fluviaiilis, “Tii a pond on Brip:h- 
ton road and elsewhere in deep water. “Within 5 or 10 mi. of Boston. “ 
1812-3. Bifjelow. (3) R, flabeflaris. Nomen novum for R. fliiviatilis Bifrel. 
(4) R. delphinifolius, none ^iven. Northern and Middle States. (5) R. lacus- 
tris, “Very abundant in a small lake east of the village of Lansin^burj^h,” 
Hudson River, cf. N. Y. Med. & Phys. Jour. 2 : 112. 1823. (6) R. ^nis.wurien- 
sis, “A Missouri species, distributed by Mr. Bush.’^ Apparently the type of 
this species was not noted by the writer at the Hebaruim Greeueanum in the 
summer of 1935. (7) F. submersus, jrrown from seed “von Bin<ren im Staate 
Washin<rton.“ (8) F, terrestris, jrrown from seed “von Bin^^en im Staate 
Washinjrton.^^ (9) F, riparius, Nomen novum for f. terrestris above. 

Department of Botany, University of Arizona 
Tucson, Arizona 
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MASS COLLECTIONS: DIERVILLA LONICERA 

Norman C. Passett 

In the summers of 1940 and 1941 mass collections were made of Diervilla 
Lonicera, from Minnesota to Maine. Each collection consisted of a twig with 
one or more pairs of leaves and with flowers or fruits if they were present; 
these speiiimens were collected far enough apart to avoid the taking of more 
than one from a clone. Many of these collections were made possible by a 



grant for travel from the Wisconsin Alumni Research Foundation, and 
several were contributed by my students, L. H. Shinners and F. W. Stearns. 
Data concerning distribution of the species in Pennsylvania and in West 
Virginia, respectively, have been furnished by Dr. J. M. Fogg, Jr.,, and by 
Dr. E. L. Core. Figure 1 was prepared from HalFs Outline Map, 801M, 
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published by permission of the author and publisher, John Wiley & Sons, 
Inc. 

Examinations of mass collections, totalling: some 673 individuals, cor- 
roborates in every detail the words of Professor Fernald accompanyinj? his 
description of var. hypomalaca,^ as follows: ‘‘Typical wide-raiifring Diet'- 
villa Lonicera has the leaves jrlabrous or at most a little setulose alonj? the 
midrib beneath. Var. hypomalaca, known only from a limited area in the 
ranpe, is striking on account of the dense white pilosity of the lower sur- 
faces of the leaves.^’ There are further details concerning these plants 
which cannot be studied from conventional herbarium specimens, but upon 
which light is shed by mass collections. 

Pubescence on different parts of the plant acts in various ways. The 
calyx-lobes and leaf -margins are ciliate, and the ciliation appears to be iini- 

TAULE 1 

X umber of e'acli lcaf-typ(‘ in mass coUcctions of 1). Lonicrra 


Typical 


Inter- Var. hypo- 
mediate malaca 


Minnesota: Duluth, Sept. .5, 1940,110. 21417a . ... 0 

Two Harbors, Sept. 5, 1940, no. 21257 22 

Wisconsin: Ravine west of Ilerbster, Aug. 26, 1940, 

L, H. ShinnerSy no. 3449 31 

Road to Rcdcliff Indian Reservation, Bayiicld County, 

Aug. 25, 1940, no. 3450 11 

Sandy loam, Found Lake, Saynor, June 27, 1941, 

F. W. St earns f no. 763 ' “39 

Outwash soil. Stormy Camp, on Wisconsin River oast 

of Woodruff, June 27, 1941, Stearns, no. 777 10 

Saddle Mound, south of Pray, Aug. 23, 1940, 

Skinners, no. 2713 . 16 

Shore of Ijake Michigan, Peninsula State Park, 

Fish Creek, Sept. 28, 1940, no. 21258 2 

Limestone beach, Baileys Harbor, July 13, 1940, 

Skinners, no. 2196 35 

Sand dunes, Whitefish Bay, Door County, July 22, 

1940, no. 3447 15 

Sand dunes. Point Beach State Forest, Two Rivers, 

July 19, 1940, Skinners no. 2448 10 

Top of ravine, Doctors Park, north of Pox Point, 

Milwaukee, Sept. 22, 1940, Skinners, no. 3444 10 

Bluffs north of Klode Park, Milwaukee, Sept. 22, 

1940, Skinners, no. 3445 2 

Milwaukee River bank north of r^ocust St., Milwaukee, 

Sept. 17, 1940, Skinners, no. 3446 3 

Michigan: Wooded dunes, Manistique, July 12, 

1941, no. 21259 3 

Wooded dunes. Point Seul Choix, July 12, 1941, 

no. 21260 8 

Ontario: Moist w’oods at foot of bluff. Garden 
River, July 13, 1941, no. 21261 , 12 


10 

0 

0 

0 

0 

0 

0 

19 

0 

0 

0 

0 

0 

0 

0 

0 

4 


« When a number is given without collector 's name the writer was the collector. 


1 Rhodora 42; 144. 1940. 
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TABLE 1 (Continued) 

Number of each leaf -type in mass collections of D, Lonicera 


Typical 


Inter- Var. hypo- 
mediate malaca 


Along road on rocks, woods, etc., from Little Cur- 
rent to West Bay, Manitoulin Island, July 14, 1941, 

no. 21262 ‘ 

Pine woods, etc.. Great Cloche Island, 2 miles north 
of Little Current, July 14, 1941, no. 21263 
Woods and roadside, 3 miles north of Willisville, 

July 13, 1941, no. 21264 

Granite knob south of Espanola, July 14, 1941, no. 

21265 ‘ 

Granite knob east of McKerrow, July 14, 1941, no. 

21266 

Granite knob at Simon Tiake Purk, 6 miles west of 

Copper Cliff, July 14, 1941, no. 21267 . 

Granite knob east of Sudburv, July 15, 1941, no. 

21268 

Granite knob between North Bay and Callender, 
July 15, 1941, no. 21269 

Hillside and ledges 19 miles east of Mattawa, July 

15, 1941, no. 21270 ... 

Woods and roadside, Rockland, July 16, 1941, no. 

21271 " 

New York: Wooded roadside, Jones Mt., Steamburg, 

June 22, 1940, no. 21272 

Massachusetts: Exposed rocks at summit of Mt. 
Wachusett, Princeton, Aug. 1, 1941, no. 21273 
New Hampshire: Rocky roadsides, Londonderry, 
Aug. 3, 1941, no. 21274 

Maine: Dallas Plantation, north of Rangeley, July 

24, 1940, no. 21275 ... 

Woods, Southport, July 24, 1941, no. 21276 
Exposed ledges, east side of Monh(*gan Island, Aug. 
22, 1941, no. 21277 .... 

Totals: .... 


20 2 24 

3 0 22 

9 0 12 

12 3 13 

4 2 14 

19 0 5 

27 0 1 

36 0 0 

27 0 0 

3 0 0 

60 0 0 

21 0 0 

9 0 0 

9 0 0 

20 0 0 

31 0 0 

539 10 114 


form throughout the species. On some leaves the midribs (and veins) are 
setiilose below, as is mentioned in Professor Fernald’s paper. The number 
of plants showing this character varies irregularly in mass collections, and 
close inspection of a number of herbarium specimens shows that some leaves 
on a plant may be completely glabrous and others on the same plant have 
setulose midribs. 

In table 1 the collections are listed, with the number of individuals of 
each type represented. Prom the figures in this table have been computed 
the percentages of var. hypomalaca at each station (including as the variety 
the intermediates and plants with appressed hairs on the leaves), and these 
percentages have been placed on figure 1. The variety appears in three 
areas: one is from Bruce Peninsula, Ontario, northward, a second is in Door 
County, Wisconsin, and a third is in northeastern Minnesota. It is quite 
possible that further collections from the Upper Peninsula of Michigan and 
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from the country north of Lake Superior would sliow these three areas 
actually to be confluent. With our present limited data, however, we must 
for the present discuss these as three separate areas. 

In Ontario, from Great Cloche Island (88 per cent on fij?ure 1) to Mc- 
Kerrow (80 per cent), appears a center where each colony of DiervUla 
Lonicera consists of a larf?e majority of var. hypomalaca; to the east and 
west, and possibly to the south (data are lacking? to the north), the per- 
centajres of velvety-leaved ])lants in each colony drops progressively. To the 
east, in particular, is exhibited a well-marked cline.*'^ 

In Door County, Wisconsin, var. hypomalaca appears in but one mass 
collection, where it makes up 91 per cent, comprisinji: 20 individuals of 22. 
That these 20 individuals do not represent merely one extensive clone is 
shown by sli{?ht individual variations in nature and density of pilosity and 
in color of leaves. This collection is from a limestone beacli on the Green Bay 
side of the peninsula, which is the regrion of origin of one of the original 
sheets cited with the description of the variety, and of the only sheet in the 
Herbarium of the University of Wisconsin. Two other mass collections from 
Door County, comprising 50 individuals, include none of the variety. These 
two collections are from the Lake Michigan side of the i)eninsula; one is on 
sand, and the other on a limestone beach. Soils differences are not, then, 
responsible for the differences between the two sides of the peninsula. Var. 
hypomalaca occurs only in the northern part of the range of I), Lonicera^ 
but the Avest side of Door County, where it is found, is warmer agd less 
humid'* than the east side, where it has not been found. 

In Minnesota, as in the region just discussed, the occurrence of var. 
hypomalaca does not apjiear to be related to low temperature. A mass collec- 
lection from the heights above Duluth is made up entirely of the variety, 
and from there it occurs northward ; tw'o herbarium specimens have been 
taken near the Canadian border.'^ The region north of Duluth is warmer 
than the Lake Superior shore, as is shown by the July average maximum 
isotherms on figure 1.® The boreal plants of this region ordinarily occur, not 
northward from Duluth, but northeastward along the Lake Superior shore, 
but the velvety-leaved variety is absent from the one mass collection from 
Two Harbors and is not represented by herbarium specimens. 

Pilosity of lower leaf -surface in DiervUla Lonicera is definitely not a re- 
sponse to exposure. The three collections from Lake Huron northward (57 

2 A dine is ‘ ^ a chain or gradient of differences arranged in a definite direction. ^ ’ 
Goldschmidt, R. B., The Material Basin of Evolution, p. 65. 

3 Of. Fassett, Ann. Mo. Bot. Gard 28: 337-,^.38. 1941. 

* Loaned from the Herbarium of the University of Minnesota by Professor C. O. 
Rosendahl. 

6 Data from Climatic summary of the United States, Section 44 — Northern Minnesota, 

p. 18. 
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per cent, 88 per cent, and 57 per cent, respectively, on fig:ure 1) were each 
made partly in the open and partly in the woods, and it was observed in the 
field that there was no correlation of exposure and pilosity. Prom near 
Espanola to Callender, Ontario, all collections were made in the same habi- 
tat, namely the heavily {?laciated, almost bare, {granite knobs, and these 
collections show a well-marked dine (80 per cent, 21 per cent, 4 per cent, 
0 per cent). That the percentajye of occurrence of the variety is not affected 
by exposure is further indicated by the collections from the heavily glaciated 
summit of Mt. Wachusett, Massachusetts, and from the sea-cliffs of Mon- 
hefran Island, Maine; both are similar to the jjranite knobs of Ontario but 
neither has any pilose plants. Var. hypomalaca is strictly limited to a j^eo- 
j^raphic area without respect to any observed ecolo<rical factor. 

The varieties of I). Lonicera cross a conspicuous lithological boundary. 
Manitoulin Island (57 per cent on figure 1) and Great Cloche Island (88 
per cent on fijnire 1) are composed of Silurian and Ordovician limestones, 
but a few miles north of Great Cloche Island there is an abrupt chanjre, the 
limestone p:ivin{? way to jifranites, cpiartzites, etc., of Huronian and Pre- 
Huronian ajre. Neither the abundance of the plant nor the percentages of 
its varieties seem to be affected by this change in rock type. 

The distribution of Z>. Lonicera var. hypomalaca, not beinjr related in 
any obvious way to ecoloj?ical factors, must be the result of its history. Per- 
haps it represents a mutation which has infiltrated the species from a siny:le 
center of orijxiii; perhaps it is a pubescent race, once occupying a region 
north of the Great Lakes, which has been submerged by the spread of the 
glabrous race. 

Goldschmidt^ writes, ‘K)ne of the most remarkable features of these 
dines of snbspecific characters is that they frequently occur in the form of 
a continuous fluctuation of characters, so that two distinct forms are con- 
nected by a continuous series of intermediate conditions. * ’ Such gradations 
between varieties and the typical forms of their species may be readily re- 
called, but such is not the case here. Of 673 individuals, including 134 of 
var. hypomalaca, but 10 have pubescence so sparse or inconspicuous that they 
may be considered intermediate, and these are all in collections where well- 
developed individuals of the variety are in the majority. The gradation con- 
sists less of the development of intermediate individuals than in the varying 
numbers, at each locality, of definitely pilose individuals as compared to the 
number of definitely glabrous individuals. 

A few plants from the Manitoulin Island collection, where 57 per cent 
of the individuals are var. hypomalaca, have the lower leaf -surfaces without 
the ordinary velvety pilosity of the variety, but rather with copious long 
straight appressed hairs. These plants are treated as var. hypomalaca. 


6 L.C., p. 66. 
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A strange individual was collected in the woods a few miles south of Mt. 
Wachusett, Massachusetts. Two stems arise from opposite sides of the root- 
stock ; one is normal and the other has alternate leaves. 

SUGGESTIONS 

Solution to these problems in taxonomy and phytogeography can be ap- 
proached only by the taking of mass collections throughout a large area. In 
many regions phases of these problems can be studied by local botanists. 
Here, perhaps, is the justification for this publication of results based on 
fragmentary evidence. 

In the Arrowhead Country of Minnesota, and in adjacent Ontario, mass 
collections should alBrm or disprove the suggestion that var. hypomalaca is 
indifferent to temperature. Is it really absent from the north shore of Lake 
Superior? Would collections from north of the lake show the range of the 
variety to be continuous from Duluth to Sault Ste. Marie and eastward? 
There are but 2 mass collections, comprising 8 individuals, between Sault 
Ste. Marie and Door County, Wisconsin ; is the variety actually isolated in 
Door County? Would a series of mass collections from the tip of Bruce 
Peninsula southward show a dine? And what of the species as it occurs north 
of the regions represented by these mass collections? A botanist driving 
north from North Bay would have opportunity to determine whether the 
variety becomes less abundant again northward, or if it finally replaces 
entirely the glabrous plant. 

SUMMARY 

Diervilla Lonicera shows 3 types of pubescence, each of which has a dif- 
ferent manner of occurrence. (1) Plants with densely pilose lower leaf -sur- 
faces occur in 3 regions, one north of Lake Huron, another west of Lake 
Michigan, and a third in northern Minnesota. They are nearly always ac- 
companied by other individuals with glabrous leaves, and show dines to the 
south, east and west from a center of high i)ercentage just north of Lake 
Huron. Intermediates are rare. All these facts seem to justify the treat- 
ment of the pilose-leaved phase of D. Lonicera as var. hypomalaca Pernald. 
The dines show no relation to exposure, rock types, or local dilferences in 
temperature, apparently representing a purely geographic concentration. 
Var. hypomalaca may be a ‘‘submerged species,’’ or may be the result of the 
infiltration of the species hy a pilose mutation. (2) The occurrence of leaves 
with midrib and/or veins setulose below is sporadic throughout the range 
of the species, and such leaves may even occur on the same plant with per- 
fectly glabrous leaves. (3) Ciliation of leaves and calyx-lobes is essentially 
uniform throughout the species. ' 

Department of Botany, University of Wisconsin 
Madison, Wisconsin 
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ROBERT ALMER HARPER 

Kohort Aimer llarixM- ^vas born at Le (laire, Iowa, on ^January 21, 1862. 
He was the sou of the Ueverend Aimer llar])er amrEunii'e |Thomi)sonJ 
Harper. He reeeived the dejiree of Haehelor of Arts from Oberlin Collejre 
in 1886, and immediately be<ian his eareer as a teacdier. F'or two years (1886- 
1888) he taujiht fjatin and (Jreek at (Jates Collej^e in Nebraska. From 188t) 
to 181)1 he was instructor in scien(*e at Lake Forest Academy, Ijake Forest, 
Illinois. Til 1891 he returned to Oberlin for the dejiree of Master of Arts, and 
became ])rofessor of botany and «reolo<'y at Lake Forest College. He <*on- 
tiniied the study of botany at Johns IIo])kins University and at the Univer- 
sity of Bonn; in 1896 the latter institution conferred on him the de^n^ee of 
Doctor of Philosophy. In 1898 he became Pi'ofessor of Botany in the Uni- 
versity of Wisconsin, where he remained for thirteen years. He came to 
Uolumbia Univei’sity in 1911 as Torrey Professor of Botany. He remained at 
Uolumbia until lf).‘10, when he retired with the title of Professoi* Emeritus. 

Professor Harper was electeil to the Torrey Botanical Ulub in 1911, and 
from that time until his retirement was one of its most active members. He 
was a member of the finaiu'e conimittet^ in 1912 and 1913 and from 1917 
to 1932, and was also a member of the budjret committi^e durinjr the latter 
pei’iod. He was jiresident of the Ulub durinji' 1914, 1915, and 1916. He served 
also on the local flora committee and as a member of the council. He attended 
almost <'very meetin<»: of tlie Ulub, and was ever ready to ])arti(upate actively 
in the discussions. Durinji* his early years at Uolumbia he also showed jireat 
interest in the held trijis and often orjianized spe(ual excursions for jrroiips 
of students in the department of botany. He bought a larjre Panhard auto- 
mobile in whi('h he <*arried students to the Pine Barrens of New Jersey, to 
(k)l(l Spriiifr IIai*bor, Lon^ Island, and to many other places in the Torrey 
Ulub area. Those who a('compa!]ied liim on tliese outiii'is carried away tlie 
most pleasant memoi’ies. 

The reseandies for which Professor Hari>er is best knowjj are Ids classic 
studies in the moi’pholofry and cytolojr.v of tlie slime molds and the ascomy- 
cetes. The beautiful hjiures with which his papers were illustrated have lonjr 
served as models for later workers. A number of his later ])ai)ers dealt with 
the evolution of cell types and jiroblems of morphojrenesis as elucidated by 
Pvdiaslnimy Hjidvodivtifon, and Did 

His intei’ests liave never been confined to Ids own specialities; few men 
liave had a broader knowledj^e of botany in all its phases. This is reflected 
in the tlioi'oujrh training: of his students, many of whom have attained emi- 
]ience. His keen and active mind earned the respect and admiration of those 
who worked under him and made 1dm successful as a teacher. 

It is witli ])leasure and satisfaction that, as the Torrey Ulub celebrates 
the SeV'enty-fifth Anniversary of its foundinjr, we conjrratulate l^rofessor 
Harper on his eij?hty years of life. 

The portrait of Doctor Harper is published with the assistance of the Lucien M. 
Underwood Memorial Fund. 
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THE ROOTING OF FLOWERS IN STERILE CULTURE^ 

Carl D. La Rue 

INTRODUCTION 

The question of the ability of various organs of the plant to regenerate 
roots and buds has been of theoretical and practical interest for ages. Stem 
cuttings have been used to propagate plants for periods unknown, but cer- 
tainly very long. The recent discovery of the role of growth hormones in root 
production has extended greatly the possibilities of rooting cuttings with 
promising practical results. The author (13) has shown recently that wound- 
ing also stimulates root formation, and this may be a further aid in 
propagation. 

The production of new plants from leaves is current practice for Begonia, 
Saintpaulia, and other species, and Kupfer (7) showed that the leaves of 61 
species could be rooted. She also demonstrated the power of root formation 
in modified leaves such as leaf-thorns, phyllodes, and juvenile leaves. Propa- 
gation from bud scales 1ms been described by several writers and has long 
been practiced by bulb-growers. Kupfer studied this process in the onion 
and several investigators have described it from work on bulbs of other 
species. The author (8) has rooted cotyledons of more than 40 species and 
Stingl (16) was able to root leaves of more than 100 species. In the past 
thirty years a series of papers has appeared describing the regeneration of 
leaves of species too numerous to list here. 

Regeneration of buds on roots has long been known and such plants as 
horseradish probably have been propagated by root cuttings since their 
earliest cultivation. Although much remains to be learned concerning the 
factors which lead to bud formation on roots, regeneration in roots has 
received attention from Vochting (17), Goebel (2), Kupfer (7), Beals (1), 
Graham and Stewart (5), Naylor (14), and numerous others. 

The flower has been regarded usually as an organ specialized for seed 
production and possessed of little capacity for proliferation. The inflores- 
cence also is rarely involved in vegetative reproduction though some plants 
regularly produce bulblets or offshoots of some kind on their inflorescences 
(Ananas sativa, AnthophyUim pictnm, Furcraea ptibescens). This may 
explain why regeneration of root, stem, and leaf has received much attention 
from botanists, whereas the fi:uit and the flower as organs of vegetative 

^ Papers from the Department of Botany, University of Michigan, No. 727. Grate- 
ful acknowledgement is made to the Division of Biology, Harvard University, for facili- 
ties granted the author during the progress of this study. 
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propagation have received relatively little notice. Goebel (4) cites reports of 
rooting of fruits in the Cactaceae where this phenomenon appears to be of 
rather common occurrence. He also mentions Baillon’s results in rooting 
ovaries of Jussiaea and Martins’ statement that the very large unripe fruits 
of Lecythis produce roots and shoots when planted in the earth. 

Kupfer (7) cites an observation by Carriere that roots were formed on 
a capsule of Lilium speciosum, and from her own experiments describes the 
successful rooting of half-grown pods of the bush bean and of the lima bean. 

Several cases of the rooting of peduncles and inflorescences are known. 
According to Kupfer (7), Beinling observed this in Echeveria, Sorauer in 
Primula f and Hansen in Achimenes. Goebel (2) reported the process in 
Ajnga, Klugea, Naegelia, and Tussilago. Kupfer herself rooted inflorescences 
of Dudleya californica and peduncles of Bryophyllum crenatnm and Ruellia 
rosea. Bud formation appears to be less common than i*oot formation on floral 
axes but it is reported by Goebel (3) for Tussilago farfara and by Kupfer 
for Dudleya californica. Graham and Stewart (6) were able to propagate 
new plants from pieces of the head of broccoli. 

The author (10) has investigated the capacity for cell proliferation in 
various tissues of many plants with a view to determining which of these 
contained what Erwin F, Smith (15) called totipotent cells. As a result of 
his observations he made a tentative clas.sification dividing tissues, organs, 
and species of plants into two groups; those highly specialized and those 
which are totipotent or capable of vegetative proliferation and propagation. 
The same idea appears to be widespread among botanists, but the results 
gained by the application of growth substances show that although such a 
classification may have some value in considering plants under normal 
growth conditions, the specialization of tissues and loss of regenerative 
capacity is more apparent than real. 

Stem internodes, in which morphological category the pedicels of flowers 
fall, have been regarded by the author as specialized structures, and flowers 
themselves were thought to be too closely connected with seed production to 
be capable of formation of roots and buds. The technique of growing em- 
bryos and plant fragments in culture (9) seemed to oflPer a means of testing 
the vegetative activity of flowers under optimum conditions. The present 
study is an attempt to discover to what extent flowers and floral organs are 
capable of regeneration. 

MATERIALS AND METHODS 

Flowers of 12 species of the Monocotyledoneae belonging to 9 genera and 
3 different families were placed in culture on agar. Of the Dicotyledoneae 
80 species of 74 genera and 34 families were cultured. The flowers were 
usually cultured just after opening or just before opening. Young buds 
of several species were cultured but^nearly all of these failed to form roots* 
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The flowers were sterilized with bromine water reduced to one-fourth 
concentration (11). They were placed in closed containers, immersed and 
shaken up in the liquid for varying lengths of time. Five minutes proved a 
fairly satisfactory length of time for many species. There was always a ques- 
tion of the tolerance of the structures to the bromine solution. More tolerant 
species were given longer periods of sterilization. In most of the species it 
was impossible to insure a high degree of sterilization without killing the 
flowers, and it was necessary to become reconciled to the loss of most of the 
flowers by the growth of bacteria and fungi. Probably all or nearly all these 
microorganisms were saprophytes which killed the flowers by growing over 
them and smothering them. The results indicate that all healthy plants carry 
on their surfaces a very large number of species of bacteria and* fungi. Their 
removal from, or destruction on, the complexly folded and often hairy sur- 
faces of flowers constituted the most difficult part of this work. Hundreds 
of contaminated cultures had to be made to secure a relatively small number 
of cultures either sterile or so little contaminated as to allow the flowers to 
continue life in culture. 

White’s solution (19) of inorganic salts with the addition of 2 per cent 
sucrose but without yeast extract was used as a nutrient. Liquid cultures 
did not give good results, and 0.8 per cent agar was added to the nutrient 
medium to solidify it. No growth hormone was added to the medium used 
for the early cultures, but later indole-3-acetic acid was added, ope part 
per hundred thousand. After sterilization the flowers were pressed gently 
on the slanted agar surface. 

All cultures were made in glass bottles of the type known as “ J oz. square 
packers. ’ ’ These bottles were fitted with screw tops of bakelite which endure 
repeated sterilization without damage. When these caps are screwed on 
firmly they prevent loss of water from the agar and they are also effective 
in preventing the entrance of contaminating spores. 

All the cultures were kept at ordinary laboratory temperatures and 
exposed to light from a north window. 

OBSERVATIONS 

Root Formation. Visible roots were produced on flowers of 3 genera of 
2 families of the Monocotyledoneae and of 25 species of 22 genera and 15 
families of the Dicotyledoneae. The species which formed roots and the 
lengths of time required for rooting are given in table 1. 

Extent of Root Development. Root development was limited in the 
greater number of species. Although a number of roots were produced on 
each specimen of many of the flowers (figs. 2, 5), they rarely exceeded ! cm. 
in length. Extensive and apparently normal root systems were formed on 
flowers of Echeveria eximia, Nemesia strtimosa, and Kalancho’e gldbulifera. 
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Effect of Growth Hormones. It is apparent from table 1 that numerous 
species can form roots on flowers in culture without the addition of growth 
hormones. An equal number of species produced roots on flowers in culture 
with the addition of 1 part per 100,000 of indole-acetic acid to the nutrient 
medium. Apparently the time needed for rooting is shorter when indole- 
acetic acid is added. Comparative data are shown for only two species of 
Kalanchoe and the number of individuals was too small to give anything 
more than a suggestion of a possible effect. 

TABLE 1 

Time required for the rooting of flowers in sterile cultures 


Species 

Days required for rooting 

On nutrient agar 
without hormone 

On nutrient agar 
with indole-3-acetic 
acid 1/100,000 

Asclepias syriaca 


22 

Begonm scharffiana 

45 


Begonia schmidtiana 


9 

Calendula officinalis 

27 


Caltha palustris 


13 

Echeveria eximia 


25 

Epilohium angustifolium 


12 

Euphorbia splendens 


12 

Forsythia suspensa 


91 

Freesia refracta 


14 

Helianthus annuus 

24 


Impatiens balsamina 

41 


Kalanchoe glob ulif era 

33 

10 

Kalanchoe sp. 

15 

8* 

Nemesia strumosa 

19 


Nerium oleander 


14 

Radicula aquatica 

12 


Badicula armor acia 


14 

Beinwardtia indica 


71 

Saxifraga sarmentosa 

15 1 


Sedum spectabile 


25 

Swainsonia galegifolia 

36 


Taraxacum officinale 

26 


Tradescantia paludosa 

10 


Viburnum carlesii 


174 

Vinca rosea 

36 


Zebrina pendula 

34 

14 


Considering the widespread interest in the effect of plant-growth hor- 
mones on the production of adventitious roots of a great variety of plants, 
it is desirable to know the efficacy of these substances in the production of 
roots on flowers. Several attempts were made to secure adequate data but 
these have failed completely because, either the sterilization was so severe 
as to kill all the flowers, or was so ineffective as to allow contamination by 
microorganisms to spoil the experiments. Since it appears that tfiis is a 
special problem in itself, it has been given up for the present. 
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Position of Roots. Roots have usually appeared on the pedieels of the 
flowers but in several species where the flowers were removed from their 
pedicels roots grew out from the bases of the ovaries. This was true of 
Kalancho'e glohulifera, Impatiens halsamina, Freesia refracia, and Trades- 
cantia paludosa (fig. 1). In Helianihus amiuus, Calendula officinalis, and 
Taraxacum officinale a single root always grew out from the vascular bundle 
at the base of the ovary. 

Polarity. Complete polarity was shown by all the specimens. Roots 
developed at the bases of the pedicels (figs. 1, 2) or if pedicels were lacking 
the roots grew out from the bases of the ovaries. In relatively long pieces of 
pedicel of Begonia (fig. 5) roots formed along the whole length pf this organ. 

Longevity of Tissues. A surprising result of culturing flowers and 
pieces thereof is the great longevity of the tissues, an account of which has 
been published (12). Whole flowers, pieces of petal, 0.5 mm. x 1 mm., and 
stamen hairs of Tradescantia paludosa have remained alive for a whole year. 
Flowers of many species have survived for months although they usually 
become considerably discolored. In spite of a widespread and erroneous 
account in the public press to that effect, ‘‘cut flowers'' have not been kept 
“perfectly fresh and beautiful" in these cultures. 

Abscission of Parts. In general the parts of flowers remained intact in 
culture but abscission of parts appeared in certain species. The pedicels 
abscised from Gasteria after 11 days. Corollas of full-grown flowers of 
Neriuni oleander abscised after 13 days and those of buds only one-fourth 
grown separated from the flowers after 18 days. Petals of Jasminum fruti- 
cosum abscised after months in culture. In Helianthus and Calendula the 
the ovaries separated from many of the flowers after a period of three months 
in culture. 

Bud Formation. Bud development was seen in only two species, 
Nemesia strumosa and Kalancho'e glohulifera. In Nemesia the buds arose 
at the bases of the ovaries and were suspected of being preformed rather 
than regenerated buds. In Kalancho'e, however, the buds developed on the 
cut ends of pedicels and ^undoubtedly arose by true regeneration. 

Propagation of Plants from Flowers. The new buds of Nemesia devel- 
oped on flowers with extensive root systems. They grew out rapidly and 
formed normal but frail plants which grew to a height of about 6 centi- 
meters. They were transplanted to earth and kept under bell jars to prevent 
wilting; but they all soon succumbed to damping-off fungi. Aside from their 
small size they appeared different in no way from plants grown from 
stem cuttings. 



Fig. 1. Rooted bud of Tradescantia paludosa. Fig. 2. Flower of Kalanchoe glohuli- 
fera with bulbil at base and numerous roots. Fig, 3. Petal of Epilohium angusti folium 
with three roots. Fig. 4. Petals of Epilohium angmtifoUum with roots. Fig. 5. Pedicel 
of Begonia scharfflana with numerous roots. (Figures drawn by Thomas Cobbe from 
photographs.) 
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The Kalanchoe buds were exceedinpfly small and grew slowly. Good root 
systems developed (fig. 2), and the tiny plants were transferred to earth. 
The flower buds withered away, tiny leaves appeared, and the plants showed 
every sign of being able to continue growth when they were all lost through 
oversight in watering the greenhouse. 

The dependence of root upon shoot was seen in the superior development 
of roots on the flowers which had developed leaf buds. However, extensive 
root systems were developed on flowers of Kalanchoe glob iilif era and 
Echeveria eximia which had not produced buds. 

Intumescences. The sepals of tomato invariably ])roduced intumes- 
cences over their entire upper surfaces in culture. Similar outgrowths were 
frequently seen on ovaries of Freema re fractal Passi flora bi flora, Kalanchoe 
globulifera, Bheinwardtia indica, and Imyatiens balsamina. 

j Callus Formation. Callus formation was infrecpient on flowers. It was 
/seen on petals and stamens of Hibiscus rosa-sinensis, on bases of detached 
/ involucral bracts of Calendula officinalis, and rarely on the cut bases of 
pedicels of Kalanchoe globulifera. 

Bulbil Formation. In numerous instances the bases of pedicels became 
swollen to three or four times their original diameter so that a spherical 
bulbil was formed at the base of each. This occurred without refe^’ence to 
root formation although these structures were most frequent in Kalanchoe 
globulifera (fig. 2) and Echeveria eximia, species which readily produced 
roots. 

Growth of Floral Organs in Culture. Immature flower-buds in culture 
never grew to full size and in general it appeared that practically no growth 
took place in any of the flowers except in an irregular fashion. Such irregu- 
lar growth was common and manifested itself in the curling of petals in 
Freesia refracta, Epilobium angustifolium, Tulipa gesneriana. Hibiscus rosa- 
sinensis, Althaea rosea, and Tradescantia paludosa. Twisting of stamens 
occurred in Hibiscus rosa^sinensis and Althaea rosea. Twisting and curling 
of sepals took place in Tulipa gesneriana and Tradescantia paludosa. 

Fruit Development. Fruits developed from flowers of several species. 
Tomato fruits increased in size fivefold, and fruits of Kalanchoe rot undi folia 
developed to practically full size, though the seeds inside them contained no 
embryos. Forsythia suspensa fruits, whether rooted or not, remained alive 
in culture a full year and reached almost their maximum size. Caltha fruits 
grew to about one-half normal size and burst open, exposing undeveloped 
ovules. 
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Rooting and Development of Parts of Flowers. Flowers of a number 
of species were dissected and the parts put on eL^ar. Although many of these 
survived in culture for months the only result from most of them was a 
noticeable amount of twisting and curling especially frequent in petals and 
stamens. 

However, detached ovaries of Asclepias syriaca and of Radicula aquatica 
formed roots at their bases and the very small petals of Epilohiiim angiisti- 
folium formed roots at their bases within two weeks on nutrient agar con- 
taining indole-3-acetic acid. Usually a single root was formed (fig. 4), but 
several produced two roots, and one petal grew three prominent roots 
(fig. 3). This is remarkable when one considers the fragility, small size, and 
short life of these structures on the plant. None of these roots became more 
than 2 cm. long. 

Ovules of several species wei*e placed in culture on agar and in liquid 
media. Those of Erythronium americannm increased noticeably, producing 
irregular and twisted growth of their seed coats. Most of them quadrupled 
their original size. Snapdragon ovules produced an extensive mass of callus- 
like tissue all over their surfaces, apparently much more voluminous than 
White (18) secured in his cultures of the same objects. Although these ovules 
remained alive for months, growth in them did not continue. 

DISCUSSION 

Apparently the ability of plants to form roots on their flowers is wide- 
spread and from the results secured it is difficult to see that any one family 
is especially favored in this respect. It is possible that root primordia were 
formed on other flowers but did not emerge. Sections were not made to deter- 
mine whether or not this was true. 

It does not seem worth while to list the species which have not rooted in 
culture, for it is not certain that they will not root under proper conditions. 
The greater number of cultures were ruined by contamination before suffi- 
cient time had elapsed for root formation. Jasminum fruticosum is a species 
which appears difficult to root since numerous cultures of this remained 
sterile for months without producing roots. 

The tomato also was tried repeatedly without result though the plant 
as a whole is regenerative to a high degree. 

The absence of the Cactaceae in the list of flowers rooted may seem curi- 
ous in view of the fact that cactus fruits of several species are known to 
root naturally in the open. A number of species of several genera were tried 
in culture, but could never be sterilized. Dr. Elzada Clover of the Depart- 
ment of Botany of the University of Michigan reports success in rooting 
flowers of a number of species of Cactaceae in sand. 

The inability of the flower to produce roots is apparent rather than real. 
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and the reasons this inability previously appeared to exist are : 1, that flowers 
are seldom found in eontaet with a moist substratum; 2, that they do not 
survive long enough to enable roots to be formed ; and 3, that they are too 
small to contain a sufficient supply of food to induce regeneration. Fruits 
and flowers of the Cactaceae often fulfill these requirements, and so do the 
fruits of Lecythis which are very large structures often as much as 25 cm. 
in diameter. 

In culture flowers are under optimum conditions so far as moisture is 
concerned; the medium supplies an adequate source of food and in some 
unknown way the life of the cells is prolonged (12) to an extraordinary 
degree so that time is given for root formation. 

SUMMARY 

1. Tests for regeneration on nutrient agar were made on flowers of 12 
speciea of the Monocotyledoneae belonging to 9 genera and 3 families, and 
on 80 species of 74 genera and 34 families of the Dicotyledoneae. 

2. Roots were produced on flowers of 3 genera of 2 families of the Mono- 
cotyledoneae and of 25 species of 22 genera and 15 families of the Dicotyle- 
doneae. 

3. It is concluded that the apparent lack of regeneration in flowers is 
due to: 1, their short life which does not allow time for root or bud forma- 
tion; 2, their position which does not allow them contact with moist sub- 
strata ; and 3, their lack of a sufficient food supply. 

4. The conditions needed by flowers for regejieration are supplied by 
placing them in sterile culture on nutrient agar. In addition to supplying 
moisture and food the cultural conditions prolong the life of the flowers to 
an extraordinary degree and allow them time for regeneration. 

Department of Botany, University of Michigan, 

Ann Arbor, Michigan 
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SPECIFICITY OF PYRIDOXINE FOR 
CERATOSTOMELLA ULMI 

William J. Robbins and Roberta Ma 

In an earlier paper (8) we reported that Ceratostomella ulmi had a com- 
plete deficiency for pyridoxine. This orgranism did not grow in a basal min- 
eral-dextrose medium containing asparagine unless pyridoxine was added. 
How specific is this response? Can the effect of pyridoxine on C. ulmi be 
produced by nearly related compounds? 


METHODS AND MATERIALS 

All isolation of C. ulmi derived from a single conidium was grown at 
20® C in 125 ml. Erlenmeyer flasks with 25 ml. quantities of a basal mineral- 
dextrose containing asparagine.^ Dry weights were determined by filtering 
through a Gooch crucible and drying at 100° C. The organism Avas grown 
also on sloped agar in test tubes containing 8 ml. of the basal medium solidi- 
fied with 1.5 per cent purified agar (7). The twelve analogs tested were sup- 
plied through the courtesy of Merck and Co. The identification numbers and 
names of the analogs were as follows : 


No. 

1421 

No. 

1422 

No. 

1442 

No. 

1443 

No. 

510 

No. 

511 

No. 

1029 

No. 

1030 

No. 

1031 

No. 

1032 

No. 

1797 

No. 

3882 


Hydrochloride of triacetate of vitamin Bo. 

Hydrochloride of diacetate of vitamin Bo. 

Hydrochloride of 3’niethyl ether of vitamin Bo. 

Hydrochloride of 2,4,5 trimethyl-3-hydroxypyridine. 

Lactone of 2-methyl-3-amino-4-hydroxymethyl-5-carboxy pyri- 
dine. 

Lactone of 2-methy l-3-hydroxy-4-hyd roxymethyl-5-carboxy- 
pyridine. 

2-methyl-3-amino-4-hydroxymethyl-5-aminomethyl pyridine 
dihydrochloride. 

2-methyl-3-hydroxy-4-ethoxymethyl-5-hydroxymethyl pyri- 
dine hydrochloride. 

2-methyl-3-amino-4-ethoxymethyl-5-aminomethyl pyridine di- 
hydrochloride. 

2-methyl-3-hydroxy-4, 5-epoxydimethyl pyridine hydrochlo- 
ride. 

Hydrochloride of 2,4-dimethyl-3-hydroxy-5-hydroxymethyl 
pyridine. 

2-ethy l-3-hydroxy-4,5-bis- (hydroxymethyl ) -pyridine hydro- 
chloride. 


1* This solution contained per liter 50 g. dextrose, 1.5 g. KHaP04, 0.5 g. Mg804 • 7HjO 
and 2 g. asparagine plus the following trace elements in p.p.m. : 0.005 B, 0.02 Cu, 0.1 Fe, 
0.01 Ga, 0.01 Mn, 0.01 Mo and 0.09 Zn. 
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Pyricloxine and its analogs were added in millimicromoles (mp moles) 
per tube or per flask in order that their relative effectiveness could be com- 
pared on a molar basis. All glassware was cleaned with chromic-sulfuric 
acid cleaning mixture. Since cotton batting had been found to contain appre- 
ciable amounts of pyridoxiiie (8) flasks and test tubes were stoppered with 
washed cotton. This precaution was probably unnecessary as the few strands 
of cotton which fell in the medium in a flask or test tube plugged with 
unwashed cotton were not observed to have any effect on the growth of 
C. ulmi. All solutions were sterilized in an autoclave at 15 lbs. pressure for 
20 minutes. 

EXPERIMENTAL RESULTS 

Quantity of Pyridoxine and Growth of C. ulmi. Before the effect of 
the analogs of pyridoxine could be compared with that of pyridoxine itself, 
it was necessary to determine the response of C. nlmi to different amounts 
of pyridoxine. Both liquid and agar media were used. 

The dry weight produced at 20° C in 25 ml. of the basal liquid medium 
in 125 ml. Erlenmeyer flasks in a period of 14 or 20 days was approximately 
the same in the presence of 5, 10, 25, or 50 mp moles of pyridoxine per 
culture (table 1). A marked decrease in growth occurred when the quantity 


TABLE 1 

Effect of pyridoxine on growth of C, nlmi in mineral-dextrose solution 
containing asparagine 


Additions to 25 ml. of basal solution 

Dry wt. per culture mg. 

20 days 

14 days 

50 mji moles pyridoxine 

25.1 



25 mg moles pyridoxine 

24.5 



10 mg moles pyridoxine 

27.8 


5 mg moles pyridoxine 

26.3 



1 mg mole pyridoxine 

15.3 

15.2 

0.1 mg mole pyridoxine 

7.4 

6.2 

0.01 mg mole pyridoxine 


0.4 

0.001 mg mole pyridoxine 


0.1 

None 

Trace 

Trace 

0.3 g. malt extract 

119.7 

.... 


of pyridoxine was reduced to 1 mp mole, but the effect of 0.001 mp mole was 
measureable. The benefit from 0.0001 m|j mole could be detected by the eye, 
but the growth was too small to be weighed. The minimum time for maxi- 
mum growth was not determined. It appeared to be between 7 and 14 days. 

The mucilaginous character of the growth of C. nlmi in our medium 
made filtration through Gooch crucibles a slow and time-consuming process. 
An attempt was made to determine the growth photometrically. No^difilculty 
was experienced in measuring differences in the growth in the basal medium, 



344 


BULLETIN OF TUB TORKEY CLUB 


[VOL. 69 


and in the same medium containing 1.0, 0.1, 0.01, 0.001, and even 0.0001 m|j 
mole of pyridoxine. However, the method was not considered entirely satis- 
factory because the mixture of mycelium and yeast-like cells which was 
obtained g:ave a suspension which was not optically uniform. 

On ap:ar slopes of the basal medium plus 1.5 per cent purified a^ar, little 
difference was noted in the effect of 5, 10, or 25 ni[\ moles of pyridoxine per 
tube. Somewhat slower development occurred with 1 nip mole, and a marked 
decrease in the thickness of the mat was found with 0.1 mp mole. A definite 
beneficial effect was observed with 0.01 mp mole, and a slijrht effect with 
0.001 mp mole (fij*:. 1). Because the a^ar cultures were more simply handled 



Fig. 1. Amount of pyridoxine and growth of C, ulmi on a mineral-dextrose imMlium 
containing asparagine and 1.5 per cent purified agar. From left to right: 25 mp, moles 
pyridoxine, 10 mp moles, 5, 1.0, 0.1, 0.01, 0.001 and 0.0. Above, age 8 days; below, age 
17 days. 

than the liquid cultures, a comparison of pyridoxine and its analogs was 
made in the agar medium. 

Effect of Analogs of Pyridoxine. Agar slants were prepared in tripli- 
cate with 5, 2.5, 1.0, 0.5, 0.1, an4 0.0 mp moles of pyridoxine per tube. Ana- 
logs Nos. 1421, 1422, and 3882 were used in the same amounts. P^or the other 
analogs 50, 10, 1.0, 0.5, and 0.1 mp moles were added per tube. All tubes 
were inoculated from a culture of (7. nlmi grown on thiamine-peptone agar. 
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The cultures were examined at from 2 to 4 day intervals over a period of 
more than 3 weeks. 

No, 1421: No difference between the effect of pyridoxine and equi-molar 
quantities of the triacetate was observed when 5, 2.5, 1.0, or 0.5 mp moles 
were used. However, 0.1 mp mole was somewhat less beneficial than 0.1 nip 
mole of pyridoxine. 

No. 1422: There was no difference between the effect of this compound 
and that of pyridoxine with 5, 2.5, 1.0, 0.5, and 0.1 mp mole per tube. 

No. 1442: At the end of 10 days 50 mp moles were beneficial, but less so 



Fio. 2. Effect of analogs No. 1030 and 1032 on growth of C. vlmi on a mineral- 
dextrose medium containing asparagine and 1.5 per cent purified agar. From left to 
right: 0.5 mp, mole pyridoxine, 0.1 mp. mole pyridoxine, 50 nqi moles analog, 10 mp, moles 
analog, 1.0, 0.5, 0.1 and no addition. Above, No. 1030; below, No. 1032. 

than 0.1 mp mole of pyridoxine (fig. 3). After 23 days 50 mp moles were 
less beneficial than 0.1 mp mole of pyridoxine, 10 mp moles had a sliprht 
beneficial effect, 1.0, 0.5, and 0.1 mp mole had no effect. The activity of com- 
pound No. 1442 for C. ulmi was considered, therefore, to be less than 0.2 per 
cent that of pyridoxine. 

No. 1443; At the end of 6 days 50 mp moles had completely inhibited 
pjrowth, 10 mp moles gave some inhibition, 1.0 mp mole or less had no effect. 
After 23 days there was some inhibition with 50 mp moles and vehy slight 
inhibition with 10 ; 1 mp mole or less had no effect. 
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No. 510 and No. 511: These had no effect, either beneficial or detrimental. 

No. 1029: At the end of 6 days 10 and 50 mpi moles had completely 
inhibited growth but Ipi mole or less had no effect. After 23 days there was 
still nearly complete inhibition with 50 m^ moles, and some injury with 10. 
This compound was more injurious (perhaps 5 times) than No. 1443. 

No. 1030: At the end of 10 days beneficial effects were noted with 0.5 mp 
mole or more of this compound (fig. 2). After 23 days the growth with 50 mp 
moles was about equal to that with 0.5 mp mole of pyridoxine ; 10 m|j moles 
of the analog were better than 0.1 mg mole of pyridoxine; 0.5 mg mole was 
better than the check, and 0.1 mg mole had no effect. Compound No. 1030 
was between 1 and 5 per cent as effective as pyridoxine. 

No. 1031: At the end of 6 days complete inhibition of growth was ob- 
served with 50 mg moles, some injury with 10, and no effect with 1 nig mole 
or less. After 23 days 50 mg moles had produced some inhibition, 10 mg moles 
or less were ineffective. 



Fig. 3. Effect of analogs Nos. 1443 and 1797 on growth of C. ulmi on a mineral- 
dextrose medium containing asparagine and 1.5 per cent purified agar. 1, 0.1 mg mole 
pyridoxine; 2, 50 mg moles analog; 3, 10 mg analog; 4, 1 mg mole analog, 5, no addition. 
R, analog No. 1442; K, analog No. 1797. 


No. 1032: After 10 days some benefit was noted with 0.5 mg mole, but 
no effect with 0.1 mg mole (fig. 2). At the end of 23 days 50 mg moles were 
about as beneficial as 1 mg mole of pyridoxine; growth with 10 mg moles 
was nearly equal to that with 0.5 mg mole of pyridoxine ; growth with 1 mg 
mole was J or less that with 0.1 mg mole of pyridoxine, 0.5 mg mole was 
clearly beneficial, and 0.1 mg mole slightly. Compound No. 1032 had about 
2 per cent the effectiveness of pyridoxine. 

No. 1797: After 10 days 50 mg moles were found to be beneficial, but less 
so than 0.1 mg mole of pyridoxine, 10 mg moles were better than the check 
and 1, 0.5, and 0.1 mg mole were slightly poorer than the check (fig. 3). At 
the end of 23 days the growth with 50 mg moles was approximately equiva- 
lent to that with 0.1 mg mole of pyridoxine. There was little difference be- 
tween the growth with 10 mg moles and that in the check. Growth with 1.0, 
0.5, and 0.1 mg mole was somewhat poorer than in the check. Compound No. 
1797 had about 0.2 per cent the effectiveness of pyridoxine. 
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No, 3882: This was the most detrimental of all the analopfs. At the end of 
6 days some inhibition was observed with 0.5 m^ mole, nearly complete 
inhibition with 1.0 and 10.0 mp moles, and complete inhibition with 50 mp 
moles. After 23 days marked inhibition of the spread of colony was still 
evident with 1, 10, and 50 nip moles. 

Antagonism between Pyridoxine and Some of its Analogs. Some 
growth inhibitors and some vitamins have been found to be mutually an- 
tagonistic; i.e., the injury produced by the inhibitor is reduced by addition 
of the vitamin or the benefit from the vitamin is decreased in the presence 
of the inhibitor. This relation has been found to be imiiortant in chemo- 
therapy ; some of the substances used as therapeutic agents are effective in 
reducing growth because of their inhibition of the action of one or more 
vitamins (3). The growth inhibitor may reduce the physiological availability 
of the vitamin by combining with it; the protein, avidin, in uncooked egg 
wliite combines with biotin and renders it inactive (2). Some inhibitors com- 
pete with the vitamin for the specific enzyme protein (sulfanilamide and 
para-amiiiobenzoic acid) (12). 

Four analogs of pyridoxine tested in this investigation were found to 
inhibit the growth of C, vlmi to a greater or less extent as shown below. 


Coin[)ound 


Inliibition after 23 days with 


50 mji moles 

10 mp, moles 

1 mp mole 

0.5 mp mole 

0.1 mp mole 

No. 1031 

Partial 

None 

None 

None 

None 

No. 1443 

Partial 

Slight 

None 

None 

None 

No. 1029 

Nearly complete 

Partial 

None 

None 

None 

No. 3882 

Nearly complete 

Partial 

Partial 

None 

None 


To determine the effect of pyridoxine on the inhibitory action of the 
four analogs, 50 nip moles of each analog were used with 50, 10, 1.0, or 0.0 
mp moles of pyridoxine in the basal medium plus 1.5 per cent purified agar. 
In addition 1.0 and 10 mp moles of compound No. 3882 were used with 50, 
10, 1.0, or 0.0 nip moles of pyridoxine. 

The inhibitory action of 50 nip moles of compounds Nos. 1443, 1029, and 
1031 was overcome with 1 mp mole of pyridoxine or, to state it the other 
way, the beneficial action of 1 mp mole of pyridoxine was not noticeably 
affected by the presence in the medium of 50 mp moles of compounds Nos. 
1443, 1029, or 1031. On the other hand, the inhibition by 50 mp moles of 
compound No. 3882 w^as still evident in the presence of 1 mp mole of pyridox- 
ine, but was overcome by 10 mp moles of pyridoxine (fig. 4). 

Activity and Chemical Structure. The diacetate (compound N6. 1422) 
was as beneficial as equi-molar amounts of pyridoxine. The triacetate (com- 



348 


BULLETIN OF THE TORREY CLUB 


[VOL. 69 


pound No. 1421) was nearly equivalent to i)yridoxine. A slight difference 
in favor of pyridoxine was noted when the effect of 0.1 mp mole of the tri- 
acetate was compared with that of 0.1 m^j mole of pyridoxine ; the difference, 
however, was slight and should be confirmed before it is considered to be 
significant. It seems probable that the acetates hydrolyze in solution yielding 
pyridoxine which accounts for their activity. 

Of the ten additional analogs tested, none showed more than 5 per cent 
of the activity of pyridoxine ; this indicates a high degree of specificity of 
pyridoxine for ( 7 . ulmi. As may be noted by comparing the structure of 
pyridoxine and its various analogs as given below a change of a single 
radical in position 2, 3, or 4 (compounds 1030, 1442, 1797, and 3882) Avas 



Fig. 4. Mutual antagonism of analog No. 3882 and i)yridoxine in inineral-do.xtrose 
medium containing asparagine and 1.5 per cent purified agar. 1, plus 50 m\i moles 
pyridoxine; 2, plus 10 mp, moles; 3, plus 1 mp, mole, 4, no pyridoxine. L, no analog added; 
M, 1 mp, mole analog No. 3882 ; N, all tubes contain 10 mp, moles of analog No. 3882 ; O, 
all tubes contain 50 mp, moles analog No. 3882. 

sufficient to reduce the beneficial activity of pyridoxine 95 per cent or more, 
or even turn it from a beneficial compound into one which inhibited growth. 

It is probably not profitable on the basis of the data available here to 
speculate too widely on the relative importance of the various radicals of 
pyridoxine and how they function. The inactivity of the two lactones, com- 
pounds 510 and 511, which were neither beneficial nor detrimental, suggests 
that the methhydroxy groups iii the fourth and fifth positions may be con- 
cerned with attachment of pyridoxine to the enzyme protein. As for those 
analogs which showed some benefit, the possibility of the presence of con- 
taminating traces of pyridoxine should be borne in mind. We have no 
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reason to doubt the purity of the various analogs we used. Nevertheless, it 
must be remembered that one part of pyridoxine as an impurity in 1000 
parts of the preparation of analog No. 1442 we used would have given the 
results obtained. There is also the possibility that contaminants account for 
the inhibition observed with compounds Nos. 1031, 1443, 1029, and 3882, 
though this is not likely because of the antagonism observed between pyri- 
doxine and these compounds. 

Differences in Response of Various Organisms to the Analogs. When 
the results obtained on the effect of the analogs on C. ulmi are compared 
with those obtained with other organisms, it seems clear that differences in 
the response of various organisms exist. 

C. ulmi responded to some of the analogs, much as did the rats reported 
by Unna (4, 11). Unna found compound No. 1030 to have 10 per cent the 
activity of pyridoxine, No. 1442 about 2 per cent. No. 3882 about 2 per cent, 
and No. 1032 less than 2 per cent. We found No. 1030 to be the most favor- 
able of the analogs for (\ ulmi, closely followed by No. 1032; No. 1442 was 
the least favorable. On the other hand. No. 3882, which was slightly active 
for rats, inhibited the growth of C, ulmi. No. 1797, which was inactive for 
rats, had some activity for C. ulmi. Holier, Zinna, Jung, and Moll (5) 
reported compound No. 1797 to have about 2 per cent the activity of 
pyridoxine for Strepfohactcrium plantarum {B. acetylcholini) . The diace- 
tate and triacetate (No. 1422 and No. 1421) were as active as pyridoxine for 
C. ulmi, rats (11), and excised tomato roots (9), but iJohonos, Hutchings, 
and Peterson (1) found the triacetate inactive for Lactobacillus lactis. 

The differences in response of excised tomato roots and C. ulmi to some 
of the analogs is of interest. For example, compound No. 1030, ^vhich was 
from 1 to 5 per cent as active as pyridoxine for C. ulmi, was quite injurious 
to tomato roots (9). Compound No. 3882, which inhibited the growth of 
C. ulmi, was as beneficial as pyridoxine for excised tomato roots.^ The bene- 
ficial effect of No. 3882 on excised tomato roots was confirmed by a further 
experiment not reported in the earlier paper. In this experiment the same 
sample of No. 3882 was used wdth tomato roots and with C. ulmi. It proved 
beneficial to the former and detrimental to the latter. 

This difference in the response of tomato roots and C. ulmi to compound 
No. 3882 raises the question as to whether the same difference might not 
exist between Ulmus americafia and C. ulmi If it does, might not compound 
No. 3882 be worth investigating as a possible therapeutic agent for the Dutch 
elm disease? In this connection it would be desirable also to test compounds 

2 Compound 3882 was even more effective than pyridoxine on excised tomato roots 
when 1 or 2 nip, moles were used per culture. The growth with 10 or 50 mp moles of the 
analog per culture was slower than with equi-molar quantities of pyriodoxine, but at the 
end of two months had reached the same level.' No evidence of toxicity was observed. 
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Pyridoxine 


HO- 


H,c-c 




: .c-H 

v 


Nal030 HCI 


Beneficial 

1-5 y- 
activity of 
pyridoxine 



Inhibitory 

50xNal03l 



Beneficial 

about 2 % 
activity of 
pyridoxine 



No.1029 


Inhibitory 

IOxNo.1031 



Beneficial 

about 0.2^ 
activity of 
pyridoxine 



Inhibitory 

2or3xNalQ3l 



Beneficial 

below 0 , 2 % 
activity of 
pyridoxine 


Inactive 



NoJ03l 


Slightly 

inhibitory 



NoJil 


Inactive 


Pio. 5. Structural formulae for pyridoxine and some of its analogs together with 
identification numbers and activity on C. ulmL 
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in which the methyl radical of pyridoxine in the second position on the 
pyridine ring had been replaced with a propyl, butyl, or other radical. Per- 
haps a compound more injurious to C. ulmi than the ethyl pyridoxine and 
relatively innocuous to higher plants could be found. 

Effect of Factors Zi and Z 2 on C. ulmi. In an earlier paper (8) we 
pointed out that although C. nlmi suffered from a complete pyridoxine defi- 
ciency, it appeared in addition to have partial deficiencies for one or more 
unidentified factors. This followed because greater growth occurred with 
the addition of malt extract to the medium than was obtained by the addition 
of eleven vitamins, including pyridoxine, and twenty-one amino acids. We 
have tested the activity of hypoxanthine and a Du fraction^ from potato 
tubers on the growth of C. ulmi in the presence of pyridoxine. Hypoxanthine 
(factor Zi) (10) was not beneficial. The Du fraction (containing factor Za) 
was decidedly beneficial. Between three and four times as much growth was 
obtained on the basal agar medium plus pyridoxine and the Dr fraction 
as on the agar medium plus pyridoxine alone. Tt appeared, therefore, that 
C. ulmi in the presence of pyridoxine suffered from a partial deficiency of 
factor Za. 

SUMMARY 

The effect of twelve analogs of ])yridoxine on the growth of Cerafo- 
stomella ulmi was determined in agar culture. The diacetate and triacetate 
of vitamin Bo were as beneficial as pyridoxine. Four of the ten additional 
analogs had 5 per cent or less of the beneficial activity of pyridoxine, two 
were inactive, and four inhibited growth to a greater or less extent. Pyridox- 
iiie was found to antagonize the detrimental analogs. The ]iossibility of inves- 
tigating analogs of pyridoxine as an aid in controlling the Dutch elm disease 
is briefly discussed. 

The New York Botanical Garden 

AND 

Department of Botany, Colttmbia TTniversity 
New York 
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INTERMITTENT GROWTH OF FRUITS OF CYPRIPEDIUM 
AND PAPHIOPEDILUM. A CORRELATION OF THE 
GROWTH OF ORCHID FRUITS WITH THEIR 
INTERNAL DEVELOPMENT 

Robert E. Duncan and John T. Curtis 

Study of the growth of fruits of Phalaenopsis lead the authors (1942) to 
conclude that the three phases of growth in diameter which they found are 
respectively associated with proliferation of the placentae and the initiation 
of rudiments, maturation of the macrogametophytes, and growth of the em- 
bryos. Each two phases of growth in diameter are separated by a period of 
slower growth, at the first of which macrosporogenesis takes place and at the 
second, fertilization. The growth in length of the ovary of Phalaenopsis is 
marked by a major phase which concludes at the time of fertilization and 
possibly by a second at the time of embryo growth. Since ovules containing 
macrospore mother cells and a considerable cavity are present at the time of 
pollination in the ovaries of the four genera of the lady slipper orchids 
(Cypripedium L., Paphiopedilum Pfitz., Phragmipedium Rolfe, and Seleni- 
pedium Reichb. f.) the authors suggested that three phases of growth in 
diameter would be difficult, perhaps impossible, to find. 

Hildebrand (1863) found that the ovules of Cypripedium calceolus at the 
time of pollination are rudimentary since their funiculi are only somewhat 
bent and they show just the beginnings of the inner integuments which, in 
unpollinated flowers, grow but slightly until the wilting of the perianth. 
Pour days after pollination the ovules are all inverted ; twelve days later the 
pollen tubes have reached the placentae and the inner integuments have 
grown over the nucelli. Fifteen days later (thirty-one days after pollination) 
the embryo sacs are maturing and within the next four or five days fertili- 
zation takes place. Hildebrand observed that the ovary increases in diameter 
by about one-fourth. His observations on Cypripedium parviflorum are not 
so complete ; at least the earlier stages are similar in periodicity to those in 
C. calceolus. 

Carlson (1940) in a study of seed development in Cypripedium parvi- 
florum presented a schedule of events that greatly resembles that given by 
Hildebrand for C, calceolus with the exception that the various changes are, 
perhaps, slightly speedier, ghe found fertilization takes place from twenty- 
six to thirty-three days after pollination. 

Guignard (1886) worked with tropical forms: Cypripedium harhatum 
{Paphiopedilum harhatum), C. veitchianum (P. stiperhiens) , and C. punc- 
latum, whose identity and habitat the authors do not know. Guignard found 
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these forms to be slower in development than C. calccolns, the temperate spe- 
cies with which Hildebrand (1863) worked. In freneral the period of time to 
elapse between pollination and fertilization is three or four months. Pace 
(1907) commented that the macrospore mother cells persisted for a long time 
in the ovules of the cultivated lady slipper orchids {PaphiopedUim ) . 

METHODS 

On May twenty-fourth, 1941, ten flowers of Cyprdpedium puhescens 
Wind., the large yellow lady slipper, were pollinated. The growth in length 
and diameter of the ovary of each flower was measured weekly with calipers 
to one-tenth millimeter at points, marked with India ink, designating respec- 
tively the greatest diameter at the time of pollination and the bpttom and 
top of the ovary as shown by the termination of the superficial grooves. 

The ovary of one flower of the series was fixed in Randolph’s modification 
of Nawashin’s fluid at the end of each of the first seven wTeks. These fixed 
ovaries were imbedded and sectioned to study the internal changes. The 
remaining ovaries were measured at weekly intervals for six more weeks. 

Likewise on May twenty-fourth two flowers of x Cypripcdinm andrawm 
Puller, Andrew’s lady slipper, were pollinated. The growth of the ovaries 
was not measured but the stages of internal development were studied 
throughout the first two w^eeks. 

On June second, 1941, several flowers of Cypripedium reyinae Walt., the 
showy lady slipper, were pollinated. The growth of the ovary w^as followed in 
much the same fashion as for C, pubescent wdth the exceiition that no study 
w^as made of the internal development. These fruits were measured for nine 
weeks. 

Tn addition to the tw^o species and one hybrid belonging to the genus 
Cypripedium, all of w'hich are forms native to the Madison area and were 
growing outdoors, three species and one hybrid belonging to Paphiopedilum, 
an Tndo-Malayan genus containing the lady slipper orchids of cultivation, 
were studied. They w^ere P. villosum (Lindl.) Pfitz. in the Botany greenhouses 
of the University of Pennsylvania at Philadelphia, P. fairieanum (Lindl.) 
Pfitz., P. bellatulnm (Reichb. f.) Pfitz., and x P. maudiae (a hybrid betw’een 
P. callosum var. sanderae and P. Unvrcnceanum var. hyeanum, first flow^ered 
in 1900 by Charlesworth and made repeatedly since that time) all in the 
greenhouses of Dr. C. K. Schubert at Madison, Wisconsin. Ovaries of P. 
villosum were removed for study of internal development seven, fourteen, 
twenty-one and twenty-eight weeks after pollination; ovaries of xP. 
maudiae and P. fairieanum, at irregular intervals. In each of these four 
studies the circumference rather than the diameter w^as measured. 

RESULTS 

The graph presenting the growth of a fruit of Cypripedium pubescens 
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(fig. 1) .shows two periods of accelerated growth in diameter and one in 
length. Figure 2, a graph based on weekly increments of growth in diameter, 
shows two distinctly separated phases. Growth in length was finished by the 


FIG. I f IG. 2 







Fig. 1. Growth curve of individual fruit of Cypripedium puhescens. Figs. 2-6. 
Increment curves of growth in diameter of Cypripedilinae fruits. Fio. 2. Cypripedium 
puhescens (41.1 per cent seeds possessing embryos). Fig. 3. Paphiopedilum hellatulum 
(58.8 per cent seeds possessing embryos). Fig. 4. P. fairieanum (63.0 per cent seeds 
possessing embryos). Fig. 5. P. villosiim (32.3 per cent seeds possessing embryos). Fig. 
6. X P. maudiae (percentage of seeds possessing embryos not determined) . 

• 

end of the fourth week. The growth of fruits of C, reginae showed a similar 
periodicity. 
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An ovule of C, pubescens at the time of pollination possesses a distinct 
macrospore mother cell and the rudiments of the inner integument; the 
funiculus is generally somewhat bent. By the end of the first week the 
funiculus has completed a curvature of about ninety degrees, the inner 
integument has grown approximatel 3 ^ one-half way over the nucellus, and 
occasionally the rudiments of an outer integument can be detected. The 
nucleus of the macrospore mother cell has enlarged and is in an early 
prophase of the first of the reduction divisions. There is some variation 
from ovule to ovule ; the most frequently observed stage is leptonema. 

At the close of the second week pollen tubes are growing in the ovary 
cavity, the majority lying behind the placentae but the tips of a few growing 
over the branches of the placentae. The ovules have completed their inversion. 
The nucellus is completely covered by the inner integument, which in turn 
is sheathed for one-half its length by the outer integument. The majority 
of the macrospore mother cells are in various later stages of the first of the 
reduction divisions. In a few eases metaphase of the second of these divisions 
and even binucleate macrogametophytes have been observed. Over this period 
of time, which is as far as studies on x C. andrewsn were carried, the develop- 
ment of the ovules in x C. andrewsii and 0. pubescens are exactly parallel. 

During the third week the outer integument of the majority of the ovules 
grows out until it has nearly reached the apex of the nucellus. Most of the 
pollen tubes are growing over the placental extremities. Almost all the ovules 
contain macrogametophytes of varying degrees of complexity from 
binucleate to practically mature. At the close of the fourth week most of the 
macrogametophytes are mature; in some fertilization has taken place. At 
the close of the following week few-cell ed embryos are present in some ovules, 
although zygotes are more common. When the ovule contains a young embryo, 
it is decidedly elongated. Throughout the next two weeks in which the in- 
ternal changes were followed the embryos grew in size and the masses of 
pollen tubes disappeared from the ovary cavity. No growth in diameter was 
detected after the eighth week. The ripening of the seed was not followed. 

The fruit wall does not change enough in thickness, while the ovary is 
maturing, to account for any appreciable amount of the increase in diameter 
of the fruit. The increase is mainly in the amount of ovary cavity which is 
provided by the periclinal elongation and enlargement of the cells of the 
ovary wall. No division figures were found in any of these cells. 

The graphs portraying the increments of growth in diameter of the 
ovaries of Paphiopedilum bellahilum (fig. 3), P. fairieanum (fig. 4), P. 
villosum (fig. 5), and x P. maudiae (fig. 6) all posses two phases. 

Seven weeks after pollination the ovules of Paphiopedilum villosum vary 
from those containing macrospore mother cells in some phase of meiosis 
through -those having early macrogametophyte stages. Fourteen weeks after 
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pollination zygotes are present in the ovules; after twenty-one weeks the 
seeds are distended by the embryos within but are not mature. The seeds from 
the twenty-eight-weeks-old fruit are capable of germination although the 
fruit is not ripe. 

Both Paphiopedilum fairieanum and x P. maudiae possess ovules with 
slightly bent funiculi and with the beginnings of inner integuments at the 
time of pollination. One hundred days after pollination the ovules from a 
fruit on one plant of x P. maudiae are inverted, the nucellus of each being 
cloaked with the inner integument and the beginning of the outer, and the 
macrospore mother cells being in some stage of reduction division. Thirty- 
seven days later a fruit from another plant contains immature seeds. Figure 
6 illustrates the fact that the development of fruit on various plants of x P. 
maudiae of different origin vary considerably, particularly in concluding the 
first phase of growth and the amount of growth taking place throughout 
the second phase. Crosses within xP. maudiae generally result in a low 
percentage of viable seeds. 

DISCUSSION 

While the ovary of Cypripedium pubescens is in the first of its two 
phases of growth in diameter and its only detected phase of growth in length, 
the ovules are passing from the stage in which they possess macrospore mother 
cells to one in which they possess mature macrogametophytes. Following this 
growth phase there is a well-nigh complete cessation of growth in both length 
and diameter. During this period fertilization is taking place at its maximum 
rate ; at its close ovules containing zygotes or few-celled embryos are found. 
While the embryos are growing rapidly and the ovules have elongated im- 
mediately after fertilization, the second phase of growth in diameter occurs. 
These statements are likewise true for the forms of Paphiopedilum studied. 
In Phalaenopsis a second phase of growth in length, of small extent, is some- 
times detected. 

Phalaenopsis has three phases of growth in diameter, these phases having 
to do with placental proliferation and ovule rudiment initiation, preparation 
of the ovide for fertilization, and seed maturation. Macrosporogenesis occurs 
during the i)eriod of decelerated growth between the former two, and fer- 
tilization at a similar time between the latter two. The effect of the growth 
regulatory substances present in the pollen is added to the first growth phase. 
In Cypripedium macrospore mother cells are present at the time of pollina- 
tion, a process which immediately initiates a phase of growth in both length 
and diameter. Hence macrosporogenesis, which in Phalaenopsis occurred 
during a period of relatively little growth, takes place during the first growth 
phase in Cypripedium and Paphiopedilum, This phase culminates when 
the ovules are ready for fertilization which occurs in Cypripedium^ just as 
in Phalaenopsis, during a period of decelerated growth of the ovary. Thus 
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Cypripedium meets the authors’ expectation that only two phases of p:rowth 
in diameter would be present. The observations of Tukey (1933) on cherry 
point out, as far as internal development is concerned, the presence of two 
phases of ovary changes prior to the opening of the flower. These are a 
gradual growth of both ovary and ovules up to fourteen days before full 
bloom and a grand phase of ovule growth up to the time of fiill bloom. Polli- 
nation takes place while the ovules are developing rapidly. Macrospore 
mother cells are present at the close of the first phase; during the second 
the macrogametophytes mature. It is interesting to note that a flower of 
Cypripeduim or Paphiopedilnm opens at a stage, relative to its internal de- 
velopment, that compares with the comparatively quiescent state which an 
ovary of Phalnenopm reaches after completing the first phase of Its growth. 

The type of flower found in Phalaenopm and many other tropical orchids 
which are in full bloom when the placentae have reached a stage short of 
proliferating, the type found in Paphiopedilnm, Cyprijyedium, and many 
genera of temperate orchids (Hildebrand 1863) whose perianth expands 
when macrospore mother cells are present in the ovules, and the more fre- 
quent Angiosperm type in which ovules are mature or almost mature at the 
time of flower expansion form a series in which the authors believe that three 
major types of development subsequent to pollination can be recognized. In 
the type to Avhich Phalaenopm belongs three phases of growth in diameter 
will be found; in the type to Avhich the Cypripedium complex belongs,^ two; 
and in the more usual Angiosperm type, one. Each phase immediately fol- 
lowing pollination is compounded with a pollination effect which may or 
may not be recognizable. After fertilization the breaks in the growth curves, 
such as are found in drupaceous fruits, are modifications of the last phase of 
growth. The slightly bimodal curve for the first phase of growth in diameter 
of Phalaenopsia schiUeriana as determined by the authors (1942) indicates 
that at least the fir.st major phase of growth in diameter likewise may be 
modified. 

SUMMARY 

The ovaries of both Cypripedium and Paphiopedilnm possess two phases 
of growth in diameter and one in length. The first phase of growth in diam- 
eter and the phase of growth in length take place while the ovules are ma- 
turing prior to fertilization. The second phase of growth in diameter takes 
place while the embryos are growing most rapidly. Fertilization takes place 
at a time w^hen growth of the ovary has almost ceased. 

Department of Botany, Unwersity of Wisconsin 
Madison, Wisconsin 
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STUDIES ON THE EMBRYO OF HORDEUM SATIVUM— 11. THE 
GROWTH OF THE EMBRYO IN CULTURE 

James Merry 

INTRODUCTION 

In a preceding paper (Merry 1941) the development of the embryo of 
Hordfiim was described and the morphoJogy of the embryo was interpreted, 
in part, from plants which had been grown from young embryos of various 
ages.. The cultured plants themselves were not described and it is proposed 
to give here an analysis of the growth of the embryos in culture. Embryos 
^f various ages were transferred to an artificial medium, and at five-day 
intfe^vAls, over a period of a month, one or two plants of each age group were 
removed from culture. These plants were studied histologically and com- 
pared with normal embryos of the same age as those from which they were 
grown. The plants from different ages of embryos were compared in size and 
in the degree of differentiation. 

HISTORICAL SURVEY 

Many workers have groAvn excised embryos of plants on artificial media, 
for a variety of reasons, "feonnet (1754), Stingl (1907), Dubard and TJrbain 
(1913), Buckner and Kastle (1917), and Andronescu (1919) grew isolated 
embryos of mature seeds in order to show that they could germinate inde- 
pendently of the rest of the seed, particularly of the stored food. Bonnet 
was the first to study the germination of embryos from which the cotyledons 
had been detached; he worked with Phaseolns multiflorus, Buckner and 
Kastle (1917) grew mature embryos of lima bean with the cotyledons re- 
moved. Stingl (1907) found that the mature embryos of certain species of 
grains, when transferred to the endosperm of other species, grew as well as 
or better than when put on the endosperm of the same species. Dubard and 
Urbain (1913) concluded that seedlings could be grown from isolated em- 
bryos of seeds with abundant endosperm, but that, in seeds in which the 
food was stored in cotyledons, removal of these prevents the development 
of the seedling. Andronescu (1919) found that plants grown from excised 
corn embryos would grow to maturity, but that the plants were smaller and 
had fewer leaves and ears than plants from whole grains. Essenbeck and 
Sussenguth (1925) grew excised embryos of mature corn grains to study 
the enzymes in the germinating embryos. Hannig (1904), Dietrich (1924), 
White (1932), and La Rue (1936) grew embryos from immature fruits of 
various ages largely to determine its feasibility and to discover how small 
an embryo could be grown in culture. They found that the embryos grew 
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into small plants rather than continiiinj^ to develop as embryos, and that 
the smallest embryos used did not grow at all. This minimum size varied 
with the kind of plant used. Tukey (1933) and others have used this teeh- 
nicjue to obtain plants which cannot be grown from mature seeds. In using 
the method for this purpose some of the workers have not removed the parts 
of the ovule surrounding the embryo, since it was only desired that the 
embryo germinate and produce a plant. Tukey (1938) has also developed 
this technique as a method for testing the viability of seeds, and for the study 
of embryos of certain fruit trees. La Rue and Avery (1938) studied the 
development of excised embryos of Zizania in culture and compared their 
growth with that of the embryo in normal development. They described the 
plants after five days in culture and compared them with embryos of the 
same size as those from which the plants were grown. They found that the 
growth of the scutellum and the epiblast was arrested, and that small em- 
bryos took longer to reach the '‘seedling stage than large ones. The smallest 
enibrA'os did not reach the seedling stage at all. 

MATERIAL. AND METHODS 

The material was the same as that used in the first paper of this series 
(Merry 1941). Heads whose age after fertilization had been determined 
were used. Two or three ovules were removed and fixed for the study of 
normal embryos. The embryos were removed from the remaining ovules and 
jilaced in Petri dishes on 0.8 per cent agar containing 2 per cent sucrose and 
Shivers solution R5S2 (Miller 1931) diluted to one-fifth. According to 
Harlan and Pope (1926), "if the florets of the four basal and four terminal 
nodes are discarded, the remaining kernels are of the same age.’’ These basal 
and terminal florets were not used and the embryos of the remaining florets 
were found to be very nearly of the same age, which was determined only 
to within a day. The cultured embryos were usually transferred after five 
days and one or two of them killed and fixed at that time unless it was desired 
to save the culture for later stages. Usually there were enough embryos in 
one head to supply one or two plants every five days for a month, thus giv- 
ing a developmental series of plants for that particular age of embryo. Such 
series of plants w^ere obtained from embryos of many different ages. 

The embryos and cultured plants were cleared and mounted temporarily 
in xylene and drawn for record purposes. They were then embedded, sec- 
tioned, and stained as described by Merry (1941). Large structures such as 
roots and leaves were measured directly with a ruler. Other measurements 
were made with a microscope and ocular micrometer from temporary mounts 
and sections. 

•DESCRiraiON OP RESULTS 

In the description which follows, after a brief description of the growth 
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of the cultured embryo as a whole, the growth of the various parts is taken 
up in detail. The plants from excised cultured embryos are compared with 
normal embryos of the same age as the excised embryos. Such a comparison 
reveals the change which took place in the excised cultured embryo. 

Growth of the Embryo as a Whole. Usually when the embryos of 
barley were excised and placed on the culture medium, the coleoptile elon- 
gated, the stem meristem grew out of it producing new leaves, and the root 
meristem grew out of the coleorhiza. There was, however, some variation in 
this response, depending upon the age of the embryo. The youngest embryos 
cultured were from seven to eight days old and showed no change after 
being in culture for two months. The addition of vitamin Bi to t^}e medium 
made no difference in the response of these embryos, though they were kept 
in both light and dark. Embryos nine days old showed considerable cell 
enlargement, but none of the cells continued to divide. The 10-day-old em- 
bryos underwent some cell division but ceased growing after 15 days. There 
was more cell division in the 11-day-old embryos, but within a month all 
division in these embryos had ceased. In some of the 11-day-old embryos a 
slight germination of the primary root meristem occurred after from fifteen 
to twenty days in culture, while in 12-day-old embryos it germinated after 
five days and grew to considerable length. In the stem meristem of the 12- 
day-old embryos divisions were still occurring after a month in culture. 
The growth of all older embryos was essentially the same as that of the 
12-day-old embryos except for increase in size and growth rate. 

Growth of the Scutellum. No cell divisions were observed in the 
scutella of cultured embryos examined five days after excision, regardless of 
the age of embryo used. The scutella of embryos 9 days old or older enlarged 
when the embrj^os were cultured and measurements of the cells of the 
scutella showed that they had enlarged proportionally; hence only a few 
cells could have divided. The increase in the size of the scutella of embr^^os 
in culture was slight in comparison wdth the increase in size of the other 
parts of the embryos and was not restricted to one dimension (figs. 1, 2). 
From figure 2 it can be seen that the ratio of the final length or width of 
the scutellum of cultured embryos to the length or width of the scutellum 
of comparable normal embryos decreased as the age of the embryos in- 
creased. This ratio is greater than 2.0 for the youngest embryos and is about 
1.2 for the oldest embryos. 

In embryos up to 14 days old the epidermal and subepidermal cells on the 
back of the scutellum did not enlarge in culture so much as those on the 
front, so that the scutella of such embryos in culture curved away from the 
coleoptiles. In the scutella of embryos 15 or more days old the cells all 
enlarged to the same extent, so that the scutella remained straight. 
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The vascular bundles of the scutellum began to differentiate in the nor- 
mal 10-day-old embryo as two strands of elongated cells. In culture these 
cells retained their difference in shape and in some scutella became lignified 
after a month. After five days in culture the scutellar bundles of embryos 
12 or more days old became lignified, the lignification gradually becoming 
heavier. 

In the normal development of the embryo the epidermal cells which are 
to become the epithelial layer of the scutellum divide more than the other 
cells of the scutellum so that they become proportionally smaller. In culture 
the cells of the epithelial layer became more vacuolate and enlarged to the 
same extent as did the other cells of the scutellum. 

Growth of the Coleoptile. Some cell divisions were observed in the 
coleoptile of the 10-day-old embryos in culture, and the frequency of cell 
divisions increased with increase in the age of the embryos. In culture cell 
divisions occurred during a period of slightly more than five days, and in 
the older embryos this period became shorter. A period of cell enlargement 
naturally followed. In the 9-day -old embryos the cells enlarged in all dimen- 
sions, while in older embryos the enlargement was mostly in length. In the 
11-day-old embryos the cells of the coleoptile increased from about twice 
their original length after five days to a final length about ten times the 
original after fifteen days. The final length to which the coleoptile of 
embryos of various ages grew increased with an increase in the age of the 
embryo (fig. 3). The ratio of the final length in culture to the length in the 
normal embryo increased rapidly from 9-day-old to 13-day-old embryos and 
then gradually decreased as the age of the embryos increased (fig. 4). 

The vascular bundles of the coleoptile were first differentiated in plants 
from 11-day-old embryos, and after a month those in some of the plants con- 
tained lignified elements. The bundles in the coleoptiles of 12-day-old 
embryos were lignified after five days in culture, as were those of older 
embryos. As the age^ the embryos increased the number of elements in the 
bundles increased, and in plants from embryos 15 or more days old bundle 
sheaths were formed around the bundles. 

In the normal embryonic development of the coleoptile an opening is at 
first present at the tip and soon becomes located on the front of the coleoptile. 
This pore gradually becomes smaller until the sides touch and the coleoptile 
forms a complete sheath around the plumule. When embryos from 10 to 13 
days old were cultured, the elongation of the coleoptile stretched the pore so 
that in some embryos it was about as long as the coleoptile itself. In the 
plants from older embryos the pore was not enlarged so much by the growth 
of the coleoptile, but it was split by the growth of the plumule. 

Growth of the Stem Meristem. In the stem meristem of 9-day-old 
embryos ki culture for five days no cell divisions were observed. Divisions 
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Fig. 1. Length and width of the scntella of normal embryos of different ages and the 
final length and width of scutella of embryos of corresponding ages excised and grown 
in culture for 30 days. Fio. 2. Batio of the final length and width of the scutella of 
excised embryos grown for 30 days to the length and width of the scutella of normal 
embryos of the same age as the excised embryos, Fio. 3. Length of the coleoptile pri- 
mordia of normal embryos of different ages and the final length of coleoptiles of embryos 
of corresponding ages excised and grown in culture for 30 days. Fig. 4. Batio of the 
final len^h of the coleoptiles, primary roots, and first leaves of excised embryos grown 
for 30 days to the length of the primor^a of these parts in normal embryos of the same 
ages as the excised embryos. Fig. 5. Length of the first leaf primordia of normal embryos 
of different ages and the final Ijength of the first leaf of embryos of corresponding ages 
excised and grown in culture for 30 days. Fio. 6. Length of the primary root meristems 
of normal embryos of different ages and the final length of primary roots of embryos of 
eorrespondhog ages excised and grown in culture for 30 days. 
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were observed in 10-day-old embryos after five and after ten days but not 
after fifteen. In the plants from 11-day-old embryos cell divisions in the 
stem meristem had not stopped until after a month in culture. In platits from 
embryos 12 days old or older the cell divisions were found in stem meristem 
after a month in culture. 

No cell enlargement occurred in the meristem of 8-day-old embryos in 
culture, but in embryos 9, 10, and 11 days old the cells of the meristem en- 
larged considerably after division had ceased. In some embryos this caused 
the meristem to protrude beyond the coleoptile and the first leaf primordium. 
In embryos 12 or more days old the cell number and the size of the stem 
meristem remained about the same during the growth in culture regardless 
of the age of the embryo when cultured. There was of course some variation 
in size and cell number at different points in the plastoehron. 


TABLE 1 

Number of leaf primordia formed in the stem meristem 


Age of 
embryos 
in days 

Days in culture 

0 

5 

I 

15 

20 

25 

30 

9 

0 

1 

* 





10 

1 

1 

2 

» 



.. 

n 

1 

2 

2 

3 

3 

3 

* 

12 

1 

2 

3 

3 

4 

4 

4 

13 

2 

i 2 

3 

4 

4 

4 

! 5 

14 

2 

3 

4 

4 

5 

5 

5 

15 

2 

3 

4 

4 

5 

5 

5 

16 

3 

4 

4 

5 

5 

5 

6 

17 

3 

4 

4 

5 

5 

6 

6 

18 

3 

4 

5 

5 

5 

6 

6 

21 

3 

4 

5 



1 


24 

3 

4 

5 





28 

3 

4 

i 5 







* Plants stopped growing. 


Table 1 show^s the time at which each of the first five leaf primordia were 
formed from various ages of embryos. It can be seen from this table that at 
some ages the difference of a day in the age of the embryos when cultured 
made several days difference in the time at which a particular leaf pri- 
mordium was formed, while at other ages it made little difference. 

Growth of the First Leaf. The time of formation of the first leaf pri- 
mordia has been stated above. Many cell divisions were observed in the first 
leaf in cultured plants, most of them in the basal region. In plants from 
embiyos up to 14 days old divisions were observed in the first leaf after 5 
and after 10 days, in those from older embryos after five days birt not later. 
Most of the elongation of the leaf took place during the first 10-15 days in 
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TABLE 2 

Growth of the first leaf in culture 


Age of 
embryos 
in days 

Length of 
first leaf 
primordium 
in embryos 
in cm. 

Length in cm. of the first leaf of plants 
grown in culture 

5 

days 

10 

days 

15 

days 

20 

days 

25 

days 

30 

days 

11 

0.005 




1 

1 

1 

12 

0.008 


0.5 

1 

3 

3 

3 

13 

0.010 


1.5 

3 

4 

4 

4 

14 

0.015 

0.5 

3.0 

5 

5 

5 

5 

15 

0.020 

0.5 

3.0 

5 

5 

5 

5 

16 

0.025 

3.0 

7.0 

7 

7 

7 

7 

17 

0.035 

4.0 

8.0 

8 

8 

8 

8 

18 

0.045 

4.0 

8.0 

8 

8 

8 . 

8 

21 

0.060 

4.0 

8.0 

9 

9 

9 

9 

24 

0.070 

4.0 

9.0 

10 

10 

10 

10 

28 

0.080 

5.0 

10.0 

11 

11 

11 

11 


culture (table 2). The period of elonj^ation became shorter in the plants 
from older embryos. The length finally reached by the first leaf increased 
with an increase in the age of the embryos when cultured, as is shown in 
figure 5. The ratio between the final length of the first leaf in culture and 
the length of the first leaf primordium of the normal embryo increased 
rapidly from 11- to 12-day-old embryos and then gradually decreased 
(fig- 4). 

The number of vascular bundles formed in the firsi: leaf of plants grown 
from embryos of different ages is shown in table 3. The number of bundles 

TABLE 3 

Dijferentmtion of bundle ft tn first leaf 


Age of 
embryos 
in days 

Number of 
bundles in 
first leaf 
primordium 
in embryos 

Number of bundles in first leaf of 
plants in culture 

5 

days 

10 

days 

15 

days 

30 

days 

10 

0 

0 

1 

3 

3 

11 

0 

1 

3 

5 

7 

12 

1 

3 

5 

7 

7 

13 

3 

5 

7 

7 

7 

14 

3 

7 

13 

13 

13 

15 

7 

13 

13 

13 

13 

16 

13 

17 

17 

17 

17 

17 

15 

19 

19 

19 

19 

21 

19 

19 

1 19 

19 

19 

28 

19 

19 

19 

19 

19 


in the first leaf of any plant was greater than the number differentiated in 
the normal embryo from which it was grown, except for the oldest embryos, 
in which all the bundles present in the mature first leaf of a seedling are 
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dilfereiitiated. The number of bundles in the mature first leaf of the cultured 
plants varied with the age of the embryos from which they were grown 
(table 3). 

Growth of the Roots. The time of differentiation of the seminal roots 
in the normal embryos and of their germination from the cultured embryos 
is shown in table 4. No seminal roots were formed in culture unless they had 


TABLE 4 

Growth of seminal roots 


Age of 
embryos 
in days 

Number of 
root 

meristems 
ill embryos 

Number of seminal roots on plants 
grown in culture 

5 

days 

10 

days 

15 

days 

20 

days 

30 

days 

11 

3 

0 

0 

1 

1 

1 

12 

3 

1 

1 

3 

3 

3 

13 

3 

3 

3 

3 

3 

3 

14 

3 

3 

3 

3 

3 

3 

15 

5 

3 

3 

5 

5 

5 

16 

5 

3 

5 

5 

5 

5 

17 

7 

5 

5 

5 

5 

7 

18 

7 

5 

5 

7 

7 

7 

21 

9 

5 

7 

7 

7 

9 

24 

9 

7 

7 

7 

9 

9 

28 

9 

7 

9 

9 

9 

9 


begun to differentiate before the embryo was removed from the ovule. No 
seminal root germinated so rapidly from an embryo in which it was just 
differentiated as did the seminal root in the same position from an older 
embryo. 

The length of the primary root at 5-day intervals on plants from embryos 
of various ages is shown in table 5. The length stated represents an average 

TABLE 5 

Growth of primary root 


Age of 
embryos 
in days 

Length of 
primary root 
meristem 
in embryos 
in cms. 

Length of primary root of plants 
grown in culture 

5 

days 

10 

days 

15 

days 

20 

days 

25 

days 

30 

days 

11 

0.005 


. 



0.5 

0.5 

12 

0.006 

0.15 

0.5 

2 

2.6 

2.5 

4.0 

13 

0.010 

0.25 

1.0 

2 

2.5 

4.0 

6.0 

14 

0.013 

1.0 

2.5 

5 

6.0 

7.0 

9.0 

15 

0.015 

2.0 

3.0 

5 

5.0 

7.0 

8.0 

16 

0.025 

2.0 

3.0 

5 

5.0 

7.0 

7.0 

17 

0.035 

2.0 

3.0 

5 

5.0 

5.0 

6.0 

18 

0.040 

2.0 

3.0 

5 

5.0 

5.0 

5.0 

21 

0.048 

2.5 

3.0 1 

3 

i 4.0 

4.0 

! 4.0 

24 

0.048 

2.5 

4.0 i 

4 

4.0 

4.0 

4.0 

28 

0.060 

2.0 

3.0 1 

1 3 

1 3.0 

i 

3,0 

, 3.0 
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of only a few plants, and the variation from one plant to another is great. 
The data in table 5 and in figure 6 show that the plants from embryos about 
from 14 to 16 days old had longer primary roots than those from embryos of 
any other age. The curve in figure 6 would be the same if the maximum 
length attained from an embryo of each age had been plotted; the values 
would of course be higher. The ratio of the final length of the primary root 
of the cultured plants to the length of the primary root meristem in the 
normal embryos increased very greatly from the 11- to 12-day-old embryos 
and then gradually decreased (fig. 4). 

The growth of the first jiair of seminal roots was similar to that of the 
primary root, though they never became as long as it did. The other seminal 
roots showed a continuous increase in final length with an increase in the 
age of the embryos. In the oldest embryos the first three pairs of seminal 
roots grew to about the same length as the primary root of the same plant. 
After 15 days in culture adventitious roots were formed on the plants from 
embryos from 12 to 16 days old, and on plants from embryos 24 days old or 
older after about 20 days in culture. 

Growth of the Coleorhiza and Suspensor. The cells of the coleorhiza 
enlarged to about twice their original diameter in all embryos nine days old 
or older. This enlargement took place in less than five days, after which the 
cells tended to collapse. In the older embryos the cells elongated more in^the 
long axis of the embryo than in other dimensions. Oidy a few scattered divi- 
sions were observed in the coleorhizae of normal embryos, and none was seen 
in those of cultured plants after five days in culture. 

In most of the embryos which grew in culture the suspensor did not 
change at all. In some of the very youngest embryos the cells of the suspen- 
sor enlarged to the same extent as the other cells. 

DISCUSSION 

Compared with the growth of the embryo in normal development the 
growth in culture is strikingly different and more closely resembles that of a 
seedling. This has been noted by all workers who have grown immature 
embryos on artificial media. One basic difference in the two types of growth 
is that in culture thei cells of the various parts of the embryo undergo con- 
siderable enlargement, while in normal development the cells tend to remain 
the same size or even to become smaller. Whatever change in the conditions 
causes the change in the manner of growth may be one which removes the 
check on cell enlargement which appears to exist in normal development. 
However, not all the cells in all the embryos cultured tend to enlarge. In the 
youngest embryos cultured no cell enlargement is observed. In slightly older 
embryos all the cells enlarge, and in still older embryos the cells do not 
enlarge in gertain regions which remain meristematic. 
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This suggests a second general dilference between the two types of 
growth; in culture cell division becomes more localized than in normal 
development. Certain regions are differentiated in the normally developing 
embryo in which the cells are smaller and divide more frequently than those 
in the rest of the embryo. But the other regions in the normal embryo show 
scattered cell divisions during development which cease when the embryo is 
removed from the ovule and is placed in culture. The continued growth of 
the embryo in culture is restricted to those regions in which cell division 
continues. It appears then that the change or changes in conditions due to 
excision and culturing, which cause the change in manner of growth, inihibit 
cell divisions in most of the embryo and lead to cell enlargement in some 
parts. 

As has been indicated above there are also differences in growth in cul- 
ture between embryos of different ages. Such differences have been observed 
before. Hannig (1904) and all workers in this subject since this time have 
found that there is a minimum size at which the embryo can be removed and 
grown in culture. This is not the same size for all plants nor in all investiga- 
tions. In culturing immature embryos of certain fruit trees Tukey (1938) 
observed that each stage of embryo which was cultured gave a different 
‘‘growth pattern. The variation was largely in the presence or absence of 
roots and in the degree of elongation of the stem. If we make allowance for 
the difference in the material used, the various “growth patterns shown by 
Tukey (1938) are surprisingly similar to the variation between the plants 
grown from different ages of barley embryos. The cells in the very smallest 
barley embryos neither enlarged nor divided. This may possibly be because 
the ceils are unable to carry on normal metabolism in the presence of 
oxygen in so high a concentration as that in air. It seems reasonable to 
assume that in the ovule the oxygen concentration is not as high as in air. 
In slightly older embryos the cells are able to enlarge, but do not continue 
to divide, so that the growth of the plant is terminated. It is felt that the 
enlargement of the cells in culture may be related to exposure to an oxygen 
concentration higher than that in the ovule, since in embryos in which the 
opening in the coleoptile exposes the stem meristem to the air, the cells in 
the meristem enlarge. In slightly later stages, when the pore is closed, the 
cells in the meristem remain small and continue to divide. This may of course 
be due to changes in the cells of the meristem themselves, to the effect of 
pressure on the meristem, or to the increase in the size of the embryo and in 
its ability to supply food to the meristem. 

The final size of the cultured plants increases with the increase in the| 
age at excision of the embryos from which they are grown. This is correlated 
with the increase in the size of the embryos from which the cultfired plants 
were grown and to their greater differentiation, but if the final size of the/ 
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various parts of the cultured plants is compared with the size of these parts 
in normal embryos of the same age as those from which the plants were 
grown, it is seen that the difference is not all explained directly by the differ- 
ence in the size of the normal embryos. The ratio of the final size of the parts 
in cultured plants to that in normal embryos increases very rapidly with 
the age of the embryo for very young ages but soon decreases with the 
increased age of the embryos. 

The variation in the size of the primary root with increase in the age of 
the embryos is most interesting. The final root length increases rapidly 
with an increase in the age of the embryos from 11 to 14 days, and then 
decreases in plants from progressively older embryos. This is doubtless due 
to competition with the other seminal roots. Apparently some factor which 
is necessary for the growth of the roots is present in a limited amount, so 
that the more roots formed the smaller each is. At the same time the total 
length of roots formed appears to increase with the age of the embryos, 
which may mean that there is an increase in the controlling factor as a young 
embryo becomes older. 

The difference in the number of seminal roots produced on plants from 
different ages of embryos is the most obvious morphological difference in the 
material. This is clearly related to the degree of differentiation in the normal 
embryo at the time of excision. Only as many seminal roots as are already 
i formed in the normal embryo will grow in culture. The other roots produced 
ill culture are adventitious roots formed on the stem. 

The number of vascular bundles in the leaves of cultured plants is 
another morphological character which varies with the age of the embryo 
when excised. Embryos aboiit 21 days old have the maximum number of 
bundles differentiated in the first leaf primordium, and the first leaf of the 
plants cultured from them has the same number. All plants from embryos 
younger than 21 days have more bundles in the first leaf than there were in 
the first leaf primordia of the embryos from which they were grown. Evi- 
dently some differentiation takes place in the first leaf in culture, though 
not so much as usually takes place in the normal development of the embryo. 
Plants from very young embryos have fewer bundles in the first leaf than 
plants from mature embryos. It would be interesting to know if the leaves 
differentiated after the embryo was excised would have the same differences 
in size and number of bundles for different ages of embryos as the first leaf 
has. Since most of the plants were not allowed to grow long enough for more 
than the first two leaves to mature, this point could not be determined. 

The differentiation of the leaf primordia also varies with the ages of the 
embryos when excised. They are formed more rapidly from the older 
embryos. Also the leaves elongate and their bundles lignify sooner and to 
a greater extent in the older embryos. This is probably related in a complex 
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manner to the increased size and greater differentiation of the older embryos. 
The increase in size may mean that there is more food in the embryo, so that 
growth could take place more rapidly. Also, since the root meristems are 
more numerous and the leaf primordia larger, the plants from the older 
embryos would produce roots and leaves, and therefore their own food 
supply, sooner and in larger amounts. Factors other than food supply are 
probably involved and will be better understood after a physiological study 
of the normal development of the embryo and its growth in culture has been 
made. 

This investigation was begun while the author was an assistant in the 
Department of Botany, University of Michigan, and was completed while 
he held the Emma Cole Fellowship in Botany from the same institution. 
The writer wishes to express his appreciation of the support which has made 
this work possible. It is a pleasure to acknowledge the suggestions and 
criticisms of Professor C. D. La Rue of the University of Michigan, under 
whose guidance this w^ork was done, and the generous assistance of Pro- 
fessor David 11. Goddard, of the University of Rochester, in the preparation 
of the manuscript. 

SUMMARY 

1. When embryos seven or eight days old were cultured on a nutrient 
agar medium no change was observed. 

2. When embryos nine days old were cultured all the cells enlarged and 
no cell division occurred. 

3. When embryos ten or eleven days old were cultured some cell division 
occurred, but eventually all the cells stopped dividing and enlarged. 

4. When embryos twelve days old or older were cultured the cells in 
certain regions continued to divide as long as the plants were grown. The 
cells in other regions enlarged at once or divided for a short time and then 
enlarged. 

5. No cell division and only slight cell enlargement was observed in the 
scutellum of cultured embryos. 

6. The size of the stem meristem was about the same in all plants from 
embryos twelve or more days old. 

7. The leaf primordia were formed more rapidly in plants from older 
embryos. 

8. The coleoptile and leaves were larger in plants from older embryos. 

9. The ratio, of the size of the coleoptile, leaves, and roots of cultured 
plants to the size of these parts in normal embryos, increased rapidly with 
the age of the embryos for early ages but soon decreased with an increase in 
the age of the embryos. 

10. The vascular bundles became lignified sooner and to a greater extent 
in plaAts from older embryos. 
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11, The primary root was longest in plants from embryos from 14 to 16 
days old and was successively shorter in plants from progressively older 
embryos. 

12. Only as many seminal roots as were already diiferentiated in the 
embryo grew in culture. Other roots formed were adventitious roots on the 
stem. 

Department of Biology, Denison University 
Granville, Ohio 
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NORTH AMERICAN RANUNCULI— V 

Lyman Benson 

The first four articles in this series deal with the sections of the sub{ 2 :enus 
Enranuncnlua, as follows: I and II, sect. Chrysanfhe; III, sects. Echmella 
and Epirotes; IV, sects. Flammula and Hecatonia. This coiicludiiin: article 
is a treatment of the other subgenera. The area included in the series is 
North America north of Mexico. The delimitation of sections and subgenera 
was published in a paper entitled “The North American Subdivisions of 
Ranunculus*^ (Am. Jour. Bot. 27: 799-807. 1940). Detailed specific descrip- 
tions are reserved for the North American Flora. 

In order to facilitate use of this series of articles and its reprints in 
identification of specimens, the keys to the subgenera and sections published 
previously in the American Journal of Botany {loc. cit.) are reproduced at 
the beginning of this concluding article. 

KEY TO THE SUBGENERA 

Sepals 5 or rarely 6, except in /?. alveolatus (Euranuncuhis sect. Flammula) 
which has simple, entire leaves and i)etal8 only 2-2.5 mm. long; 
achcnes not constricted; cotyledons 2. 

Achenes or utricles not transversely ridged, except in F, sccleratus 
(Euranunculus sect. Hecatonia) which has 40 or commonly 
100-300 minute beaklcss achenes in an elongated head; petals 
usually glossy, yellow or rarely red or white. 

Sepals deciduous during or soon after anthesis; fruits not utricular, 

1 chambered. 

Pericarp not striate or nerved, thick and firm. . Subgenus T. Euranunculus, 
Pericarp striate, the nerves 3 or more on each face, these some- 
times branched, the ovary wall thin and usually 

fragile at fruiting time Subgenus II. Cyrtorhyncha, 

Sepals j)ersistent in fruit; fruits utricular or 3-chambered. 

Annual; hypocotyl simulating a tap-root; fruit with one basal 
seed-chamber and two lateral empty vesicles, the beak 

lanceolate Subgenus III. Ceratocephalus, 

Perennial; hypocotyl not simulating a tap-root; fruit 1- 
chambered, utricular, the beak not lanceolate. 

Pericarp plane, except for one longitudinal ribbed angle 
on each face; sepals thick, not marccscent in 
fruit; petals yellow; leaves simple, entire. 

Subgenus IV. Oxygraphis, 

Pericarp smooth or sometimes with the lateral and distal 
portions reticulate; sepals thin, marcescent in 
fruit; petals red or rarely white; leaves com- 
pound, dissected into ligulate leaflets. 

Subgenus Cry modes, 

Achenes roughly transversely ridged; petals not glossy, white, the 

claws sometimes yellow; aquatic Subgenus VT, Batrachium, 

373 
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Sepals 3 or sometimes 4. 

Cotyledons 2; achenes constricted at the middles; style present, achene 
beaked; flowering stems arising from rhizomes. 

Portion of the achene distal to the constriction not filled with 
spongy parenchyma; receptacle greatly enlarged in fruit, 
depressed-globose; petals perhaps white, 5 or commonly 
7-10; rhizomes and scapes markedly fistulous, 2-6 mm. in 
diameter; leaf -blades entire or S-lobed or -parted; sub- 

aquatic Subgenus VII. Pallasiantha, 

Portion of the achene distal to the constriction occupied by 
parenchymatous tissue; receptacle not much enlarged in 
fruit, subglo'bose; petals yellow, 5-6; rhizomes and scapes 
wiry, not fistulous, about 2 mm. in diameter; leaf-blades 
3-parted and often again lobed or parted; terrestrial. 

Subgenus VIII. Coptidium, 

Cotyledon apparently 1, the other enclosed by it and undeveloped; 

achene not constricted, not containing spongy parenchyma; 
style wanting, achene beakless; flowering stems from a fascicle 
of fleshy roots, each of which produces an independent plant 
the following year; petals yellow Subgenus IX. Ficaria. 

SUBGENUS I. EURANUNCULUS (GREN. & GODR.) A. GRAY 
KEY TO THE SECTIONS 

Leaves (either the eauline or the basal) lobed, parted, or divided. 

Achenes smooth, sometimes hairy. 

Style and achene-beak present, the achene not corky-kecled or with 
corky thickening on the margin of the body ; nectary-scale 
ventral to the nectary, covering it, apically truncate or 
rounded (the margins prolonged in Ean line ulus Mast’ 
woodianus. Section Epirotes). 

Nectary-scale free laterally for at least two-thirds its length, 
not forming a pocket (except in 2?. reeurvatus ) ; 
dorsoventral measurement of the achene 3-15 times 
the lateral; receptacle in fruit (in most species) 1-3 
times the length in anthesis; sepals usually not 

lavender- or purple-tinged Section 1. Chrifsanthe. 

Nectary-scale attached to the petal laterally and forming a 
]>ocket ; dorsoventral measurement of the achene 1-2.5 
times the lateral; receptacle in fruit (in most species) 

3-15 times the length in anthesis; sepals always 
tinged dorsally with purple or lavender. . . Section 3. Epirotes. 

Style and achene-beak practically lacking or if otherwise the achene 
with a corky keel or with corky thickening on the margin 
of the body; nectary-scale with the gland in a pocket on 
the ventral surface or the scale, forked and prolonged 
anteriorly on the surface of the petal or surrounding the 
gland; aquatic or palustrine Section 5. Hecatonia. 

Achenes covered with spines, hooks, or papillae or with papillae pro- 
duced into hooked hairs, rarely smooth ; dorsoventral measure- 
ment of the achene 3-fl tuples the lateral; receptacle in fruit 

1-3 times the length in anthesis Section 2. Ecliinella, 

Leaves* (both eauline and basal) entire, dentate, serrulate, or wavy; 

dorsoventral measurement of the achene not more than twice or 

thrice the lateral Section 4. Flammnla, 
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SUBGENUS II. CYRTORHYNCHA (NUTT.) A. GRAY 
KEY TO THE SECTIONS 

Petals larger than the sepals. 

Fruiting receptacle enlarged to several times its size in anthesis^ 
cylindrical or long-ovoid ; nectary-scale overarching the nectary, 
truncate, the margins free from the blade of the petal,* 
stolons present; leaves simple Section 1. Halodes, 

Fruiting receptacle but slightly enlarged from its size in anthesis; 

nectary-scale not overhanging the nectary, consisting of a 
mere transverse ridge below the gland; stolons not present; 

leaves compound Section 2. Eucyrtorhyncha, 

Petals smaller than the sepals; nectary-scale forked, the lateral margins 
attached to the blade of the petal; stolons never present; receptacle 
but slightly enlarged in fruit, not cylindrical ; leaves simple. 

Sepals yellow ; blades of the petals 7-8 mm. long, yellow Section 3. Arcteranthis. 

Sepals white ; blades of the petals 1-3 mm. long, yellowish or greenish. 

Section 4. Pseudaphanostemma. 

Subgeiiera III-IX are composed each of a single section. 

SUBGENUS II. CYRTORHYNCHA (NUTT.) A. GRAY 
SECTION 1. HALODES (A. GRAY) L. BENSON 

63. Ranunculus cymbalaria Piirsh. FI. Am. Sept. 2: 392. 1814. R. 
nanus Fisch. in D(/. Prodr. 1 : 33. 1824, as syn. R, Cymbalariae var. amerU 
canus DC. Prodr. 1 : 33. 1824. Oxygraphis Cymbalaria Prantl in Engl. Bot. 
Jahrb. 9; 263. 1888. Cyrtorhyncha Cymbalaria Britt. Mem. Torrey Club 
5 : 161. 1894. Halerpestes CymbalaHa Greene, Pittonia 4 : 208. 1900. B, 
Cymbalaria f. hebecaulis Pern. Rhodora 16 : 162. 1914. 

Scapes erect, 2-5 or 11 cm. long, usually branched, stolons several dm. 
long, both about 1 mm. in diameter, not fistulous ; radical leaf blades simple, 
cordate, ovate, or reniform, 5-22 mm, long, 4-20 mm. broad, crenate or some- 
times merely 3-lobed at the apex in the same individual, proximally cordate 
or rounded and distally rounded, petioles 2-5 cm. long, stipular leaf bases 
4-9 mm. long; sepals 3-5 mm. long; petals 3-5 mm. long; stamens usually 
15-25 ; achenes 40-50 in a cylindrical head 3-8 or 13 mm. long, 3-4 or 6 
mm. in diameter. 

Mud of especially brackish streams and marshes ; at least approached by 
forms in the Himalaya Mountains and Siberia; Alaska and the Yukon to 
Labrador and southward to Wyoming, Oklahoma (Harper County), Min- 
nesota, Wisconsin, Illinois (Chicago), and New Jersey. Mostly coastal in 
New England. Northern coniferous, northeastern pine, and hardwood for- 
ests ; prairie grassland. Late May to August. 

Type collections: (1) R. Cymbalaria, “In saline marshes near the salt 
works of Onondago, New York.’’ (2) R. nanus, none given. (3) Var. ameri- 
canus, same as R. Cymbalaria, based upon a reference to it. (4) F, hebe- 
caulis, “Alberta: Banff, alt. 4,500 ft., June 11, 1906, Butters & Rosendahl, 
no. 1339 (type in Gray Herb.) ” 

63A. Ranunculus Cymbalaria var. saximontanus Fern. Rhodora 16 : 
162. 1914. B. tridentatus H. B. K. var. major H. B. K. in DC. Syst. 1 : 253. 
1818, not B. Cymbalaria var. major Hook. & Thomson in 1855. 
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Scapes 5-30 cm. loiif?, usually branched ; basal leaf blades cordate, ovate, 
or rarely reniform, 12-40 mm. long, 10-33 mm. broad, mostly crenate; sepals 
and petals 4-8 mm. long; stamens usually 20-35; achenes 100-300 in a head 
5-12 mm. long, 3-5 mm. in diameter. 

Mud of ocean inlets and of streams and marshes up to 2,300 meters ele- 
vation; Vancouver Island, British Columbia to Alberta and Nebraska (Hay 
Springs) and Kansas (Logan County) ; southward through the Great Basin 
to Baja California and Central Mexico ; on the Pacific Slope occurring only 
about Puget Sound, along the lower Columbia Kiver, in the mountains of 
Kern County, California, and in Southern California. Primarily Northern 
Desert and Plains Grassland; Oak Woodland and Southern Desert (along 
the Mojave River) in Southern California. Summer. 

Type collections: (1) Var. major/^Jwxth Carpio in Mexico.^’ ‘‘Ad lacum 
S. Christobal alt., 1180 hex.^’ (2) Var. saximontanns. Nomen novum for 11. 
trident at us var. major, 

63B. Ranunculus Cymbalaria var. alpina Hook. PI. Bor. Am. 1: 11. 
1829. 

Scapes 2-7 cm. long, usually unbranched; basal leaf blades trapezoidal 
to rectangular or some of them almost cordate, 4-10 mm. long, 2.^8 mm. 
broad, 3-toothed at the apices and normally not crenate; sepals 2-3 mm. 
long; stamens about 10; achenes 25-60 in a head 3-5 mm. long by 3-4 mm. 
in diameter. 

Mud ; Siberia and the Himalaya Mountains, Asia ; Alaska, Quebec, and 
Newfoundland; specimens from Wyoming appear also to belong to this 
variety (Snake and Lower Hoback Rivers and Upper Iloback Basin at 
1,900-2,250 meters). Northern coniferous forest. Summer. 

Numerous intermediate forms between this variety and the typical spe- 
cies joccur from Quebec to Newfoundland and Nova Scotia and a similar 
type has been collected near Great Salt Pond, Rhode Island. 

Type collection: “Pound by Mr. Drummond upon the Rocky Moun- 
tains.^^ 

SECTION 2. EUCYRTORHYNCHA L. BENSON 

64. Ranunculus Ranunculinus (Nutt.) Rydb. Bot. Surv. Nebr. 3 : 23. 
1894. Cyrtorhyncha ranunculina Nutt, ex Torr. & Gray, PI. N. Am. 1: 26. 
1838. B, Nuttallii A. Gray, Proc. Acad. Phila. 15; 56. 1864. Cyrtorhynca 
neglecta Greene, Pittonia 4 : 146. 1900. Cyrtorhyncha rupestris Greene, PL 
Baker. 3 ; 3. 1901. R, neglectus Wheeler, Rhodora 39 : 51. 1937. 

Mountain-sides at 1,800-2,700 meters elevation; southeastern Wyoming 
and southward through middle Colorado to Sandoval County, New Mexico. 
Chiefly Western Pine forest. Mostly May and June. 

The apetalous form {Cyrtorhyncha neglecta Greene), occurring near 
Golden and Morrison, Colorado, is poorly segregated. It is inconsistent in 
presence or absence of petals, and, since there seems to be no other character 
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to base the species upon, it is perhaps better neg:lected. Plants collected six 
miles southeast of Estes Park, L, Benson 4942, show reduction of petal num- 
ber or absence of petals apparently in anthesis. However, some of the “flow- 
ers'^ have one or two pistils developed into achenes, and it is possible that 
others may have only abortive or unfertilized pistils past anthesis. Cyrto- 
rhyncha neglecta was not based upon similar material, for even the flower 
buds show no petals in those individuals amonj^ the specimens which have 
apetalous flowers. 

Type collections: (1) C. ranunculinw, “By sides of p:ravelly brooks in the 
eastern Range of the Rocky Mountains, around the place known by the name 
of Independence Rock on the banks of the Sweet Water of the Platte, but not 
farther to the westward. Flowers in June." Nnttall. (2) B, Nuttallii. Nomen 
novum for C. ranunculina. (3) C. neglecta, “Occasional in dry ravines about 
Golden and Morrison, in middle Colorado, at about 6,000 feet altitude, flow- 
ering late in May. ... I obtained it first in 1871, in ravines about Golden 
(hty. . . . Last spring I requested Mr. B. Bethel of Denver to go in search of 
it . . . with the result that I soon had fine flowering specimens of my long 
neglected plant, and later, some thoroughly mature achenes." The writer 
did not note the presence of Greene's 1871 collection in the Herbarium 
Greeneanum in 1935. However, it is represented in the New York Botanical 
Garden. (4) C. rupestris, “On moist cliffs in the Black Canon [Gunnison 
Watershed] in Colorado, 20 June, n. 198," C, F, Baker in 1901. Type, HGr, 
2269--70, 

SECTION 3. ARCTERANTHIS ( GREENE ) L. BENSON 

65. Ranunculus Cooleyae Vasey & Rose, Contr. U. S. Nat. Herb. 1 : 289. 
pL 22. 1893. Kumlienia Cooleyae Greene, Erythea 2; 193. 1894. Arcter- 
anthis Cooleyae Greene, Pittonia 3 ; 190. pi. 3. 1897. 

Slopes near snow banks; Alaska to the mountains of western British 
Columbia; Colonel Bob Lookout, Olympic Mountains, Washington (J. W. 
Thompson) . Northern coniferous forest. June to August. 

Type collection: “Collected in fruit by Miss Grace Cooley, near the top 
of a snow-covered ridge, among loose rock, near Juneau, Alaska, August 6, 
1891, and collected in flower by Mr. Frederick Funston, near the top of a 
bare mountain (1,000 meters high) of the St. Elias Alps, above Disenchant- 
ment Bay, Alaska, August 10, 1892." The Cooley specimen is designated as 
a lectotype. 

SECTION 4. PSEUDAPHANOSTEMMA (A. GRAY) L. BENSON 

66. Ranunculus hystriculus A. Gray, Proc. Am. Acad. 7 : 328. 1867. 
Kumlienia hystricula Greene, Bull. Calif. Acad. 1 : 337. 1886. 

Moist places near streams at 1,000-1,800 meters elevation ; often about 
waterfalls and notably so at Yosemite Valley; Sierra Nevada from Butte 
County to Tulare County, California. Western pine forest. May and June. 

Type collection: “Foot-hills of the Sierra Nevada, at Forest Hill and at 
New Castle, Placer Co., April, 1865, Bolander. Also, 1866, by Mr. Rattan, a 
state with longer petioles (6 inches long), and scapes nearly a footTiigh: ap- 
parently wet soil." The Bolander specimen from Forest Hill is designated 
as a lectotype. 
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SUBGENUS III. CERATOCEPHALUS (mOENCH) L. BENSON 

67. Ranunculus testiculatus Crantz, Stirp. Austr. Ed. 1. fasc. 2. 97. 
1763. 

Introduced from the Old World and now becoming: common in the Inter- 
mountain Region from Eastern Washington and Eastern Oregon to Utah. 
April and May. 

As pointed out to the writer by Dr. Ray J, Davis of the University of 
Idaho, Southern Branch, there are 1-3 ovules in a pistil. Study of the Old 
World plants may lead to elimination of this group from Ranunculus. 

Type collection: Old World. 

Specimens examined: Washington: Grand Coulee 8 miles north of the 
Dry Falls, Rogers 287^ 386, WSC, B. Oregon : Congdon, Gilliam County, 
J. W. Thompson 11347, T, GH, B. Idaho: S. E. of Pocatella, R. J. Davis 
1892, ISB, B. Utah : Mill Creek Canyon, Salt Lake City, Garrett 6100, 0, B. 

SUBQENUS IV. OXYGRAPIIIS (BTTNGE) L. BENSON 

It is to be noted that the nectary scale of the subgenus Oxygraphis, as far 
as it has been studied, is a transverse ridge of type 1 (cf. L. Benson, Am. 
Jour. Bot. 27 : 799, 1940). This matter was not clear at the time of previous 
publication. 

68. Ranunculus kamchaticus DC. Syst. 1: 302. 1817. Fkaria glacialis 
Pisch. ex DC. Sept. 1: 305. 1817, not Ranunculus glacialis L. in 1753. Oxy~ 
graphis glacialis Bunge, Verz. Suppl. PI. Alt. 35 (in reprint at Qray Her- 
barium). 1836. 

Wet ground near sea level; Boreal regions and high mountains of Asia 
to Teller Ranger Station (Seward Peninsula) and Popof Island (Shumigan 
Islands), Alaska. Boreal and alpine tundra. Summer. 

Type collection: (1) R. kamchaticus, “Ilab. in Kamchatka, h. Pall. . . . 
(Vs. sp. in h. Pall, nunc. Lam.)^^ (2) F. glacialis, “Ilab. in Daouria ad 
apicem montis Tchokondo. Pansner.^^ 

subgenus V. CRYMODES A. GRAY 

The supposed very close relationship of this subgeniis to the subgenus 
Oxygraphis is erroneous. The supposition was based upon overemphasis of 
one of the characters in common (persistent sepals) and upon ignoring of 
the numerous differences. Division of the genus Ranunculus would not per- 
mit inclusion of Crymodes under Oxygraphis, since it is not more closely^ 
related to that subgenus than to several others. Any segregation of this 
group of species should involve careful analysis of the characters of R. 
juniperinus, since its fruit is the most primitive found in any of the four. 

% 

Sepals densely reddish-brown-pilose or -hirsute; beak of the fruit 2-3 mm. 
long ; flowering stems with 2 or more leaves ; boreal and alpine. 

Pericarp differentiated into a basal and central indurated portion 
around the seed and an apical and marginal reticulate scarious 
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portion; cauline and basal leaves large and triternately-com- 

pound; hairs not straight and arising singly 69. B, glacialis. 

Pericarp not markedly differentiated, the reticulations of the beak 
slightly more pronounced than those of the body; cauline and 
basal leaves 1-2 cm. long, 3-divided, but not compound; hairs 

straight, arising in clusters from papillae 70. JR. Chamiftftonis, 

Sepals glabrous; beak of the fruit 0.5 mm. long; atems with not more 
than one small leaf; pericarp undifferentiated; sagebrush deserts 
or low mountains in the juniper-pinyon belt. 

Fruits 4-6 mm. long; scapes with usually 1 bract and one or two flowers. 

71. B, juniperinus. 

Fruits 9-14 mm. long ; scapes practically always with no bracts and with 

one flower 72. JR. Andersonii, 

69. Ranunculus glacialis L. Sp. PI. 553. 1753. Oxygraphis vulgaris 
Freyii, Flora 70: 141. 1887. 

Wet ground, often near snow; Greenland and Iceland to Northern 
Europe and the Alps. Arctic-alpine tundra. Summer. 

Type collection: Habitat in Alpibus Lapponiae, Helvetiae.^’ 

70. Ranunculus Chamissonis Schlect, Animad. Ranunc. 1: 12. 1819. 

Wet places; Nome and Cape Prince of Wales, Alaska, on Bering Strait. 

Boreal tundra. Collected by A. E. and R. T. Porsild, who kindly loaned the 
specimens in the National Herbarium of Canada to the University of Ari- 
zona. August. 

T'ype collection: ‘‘Habitat ad pedes montium glacialium loca uda glacie 
deliquescente madida in sinu St. Laurentii, qui in littore Asiae arcticae 
oriental is. baud procul a freto Behringii meridiem versus est situs, unde 
magnam hujus plantae copiam attulit amicissimus de Chamisso in cujus 
honorern hanc pulchram dixi speciem.^^ 

71. Ranun( ULUS jiTNTPERiNus Joiics, Proc. Calif. Acad. II. 6: 616. 1896. 
li. Andersonii A. Gray var. tenellus S. Wats. King’s Rept. 6: 7. 1871. Beck- 
withia juniperina Heller, Muhlenbergia 1: 144. 1906. 

Rocky slopes at 1,600-2,000 meters elevation; Karshaw, Meadow Valley 
Wash, Eastern Nevada; Utah; Virgin Mountains, Arizona. Southwestern 
coniferous woodland. May. 

This is the least specialized of the North American species in this sub- 
genus, at least so far as fruit is concerned. 

Type collcctimis: (1) Var. tenellus, “Pilot Rock Point, Salt Lake, Utah. 
(17.) ” Sereno Watson, June 17, 1869, 5,000 feet altitude. (2) B, juniperinus, 
“No. 5011, April 4, at Copper Mine, 18 miles west of St. George, Utah, in 
Beaverdam Mts., 5000° alt., among junipers in loose gravelly soil. No. 5139, 
April 30, at head of the west branch of Santa Clara Valley in the Beaverdam 
Mts., Utah, 5000° alt., in loose soil on rocks, among junipers.’’ Jones 5011 is 
designated as a lectotype. Herbarium of Pomona College. 

72. Ranunculus Andersonii A. Gray, Proc. Amer. Acad. 7 u 327. 1867. 
Oxygraphis Andersonii Freyn, Flora 70: 140. 1887. Beckivithia Austinae 
Jepson, Erythea 6: 97. pi, 1, 1898. Beckwithia Andersonii Jepson, Brythea 
6: 99.1898. 
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Rocky mountainsides at 1,000-1,500 meters elevation ; southeastern Ore- 
gon to Ketchum, southcentral Idaho, and southward east of the Sierra 
Nevada to the Panamint Mountains, California, and to Nye County, 
Nevada. Northern desert. May. 

Type collections: (1) “Near snow, on Blind Springs Mountain in the 
Eastern Sierra Nevada, Dr. C. L. Anderson, 1866.“ The specimen in the 
Gray Herbarium was collected near Carson City, Nevada, by Anderson in 
1866. (2) B. AustinaCy “Decomposed lava on the western treeless slope of 
Lake City Pass, Modoc County, California, June 1898.“ Austin & Bruce 
2134, 


SUBGENUS VI. BATRACHIXTM (DC.) A. GRAY 

The treatment of the subgenus Batrachium here differs from that of W. 
B. Drew, Rhodora 38: 1-47. 1936, chiefly in the broader interpretation of 
species and varieties. The categories recognized are nearly all the same, but 
several are accorded lower rank either as varieties or unnamed forms. Con- 
sequently, R. trichophyllus appears as Eammcuhis aquatilis var. capillaceus 
based upon the same type, and R. longirostris appears as R. circiriatus, a 
name first applied to an Old World type. The group is a complex one capable 
of nearly as many interpretations as there are botanists. 

Type species, Rannneulus hederaceus L. 

Receptacle glabrous. 

Plant with some non-dissected floating leaves. 

Style in anthesis half as long as the ovary; loaves all shallowly- 

lobcd, none finely -dissected . 72. J?. hederaceus. 

Style in anthesis 2-3 times as long as the ovary; leaves dimori)hoiis, 
the upper ones floating and deeply 3-parted, the lower ones 
submersed and dissected into filiform divisions. 73. R, Lohhii. 

Plant with no non-dissected floating leaves ... 74D. R, aquatilis var. 

Receptacle hispid; style in anthesis not longer than the ovary. 

Achene beaks 0.2-0.5 mm. long 74. R. aquatilis vars. 

Achene beaks 0. 7-1.1 mm. long 75. R. circinatus. 

72. Ranunculus hederaceus L. Sp. PI. 556. 1753. Batrachium heder- 
aceum S. P. Gray, Nat. Arr. Brit. PI. 2; 271. 1821. 

Aquatic in fresh water at low elevations ; Europe ; native or perhaps nat- 
uralized in Newfoundland and along the coastal plain in Chester County, 
Pennsylvania, along Chesapeake Bay, and (according to report) at Charles- 
ton, South Carolina (cf. W. B. Drew, Rhodora 38: 5-7. 1936). Late April to 
early summer. 

Type collection: Habitat in aquis vadosis, Angliae, Belgii.“ R. heder- 
aceus L. var. hederaefolius Lawson, Trans. Roy. Soc. Canada 2(4) : 44-45. 
1884, was based upon an Old World type, R. hederaefolius Salisb. Prodr. 
Stirp. 373. 1796. 

73. Ranunculus Lobbii (Hiern) A. Gray, Proc. Am. Acad. 21 : 364. 
R Hydrocharis Spenn. f. Lobbii Hiern, Jour. Bot. Brit. & For, 2 : 
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66. pL 14. 1871. R. hederaceus var. Lohbil Brew. & Wats. Bot. Calif. 1: 5. 
1876. R. aquatilis L. var. Lohbii S. Wats. Bibl. Ind. N. Amer. Bot. 1: 17. 
1878. Batrachium Lobbii Howell, FI. N. W. Am. 1: 13. 1897. 

Shallow vernal pools near sea level ; Vancouver Island, British Columbia ; 
Corvallis, Orej^on ; California from Sonoma and Lake counties and the Vaca 
Mountains to the Santa Cruz Mountains and Alameda County. Northwestern 
coniferous forest and oak woodland. Late February to early May. 

Type collecAion: ^‘Orej?on, W. Lobb. 1852. w. 2i9.^^ 

74. Kanunculus aquatilis L. Sp. PI. 556. 1753. 

This polymorphic Old World species is represented in North America by 
four varieties, as follows : 


KEY TO THE VARIETIES 

Receptacle densely hairy, the hairs usually more or less tufted. 

Uppermost leaves filiform-dissected and submersed like the lower ones. 

Stems 1-2.5 mm. in diameter; stamens usually 10 or more. 

73 A. Var. capiUacem. 

Stems 0.4-1 mm. in diameter; stamens 5-8. .. 73 R. Var. eradicatus. 

ITppermost leav(‘s (1-10 of them) not filiform-dissected, merely lobed, 

parted, or divided, floating 73 C. Var. hispidulus. 

Receptacle glabrous or sparsely hairy and the hairs not tufted. . 73 D. Var. calvescens, 

74A. Banunculus AQUATILIS L. var. oapillaceus (thuill.) DC. Prodr. 
1: 26. 1824. R. irichophyllus Chaix, in Vill. Hist. PI. Dauph. 1: 335. 1786. 
R. capillacevs Thuill. FI. Par. Ed. 2. 1: 278. 1799. R. amphibius James, 
Long P]xped. Kocky Mts. 1: 498. 1823. R. aquatilis L. var. brachypus Hook. 
& Arn. Bot. Beech. Voy. 316. 1840. Batra<^hium irichophyllum F. Schultz, 
Arch. FI. France et All. 1: 107. 1848. R. aquatilis var. trichophyllus A. 
Cray, Man. Bot. Ed. 5. 40. 1867. R. hydrocharis Spenn. f. trichophyllus 
Iliern. Jour. Bot. Brit. & For. 9: 101. 1871. R. Porteri Britt. Bull. Torrey 
Club 17: 310. 1890. Batrachium Bakeri Greene ex Baker, W. Amer. PI. 1: 
7. 1902, nomen nudum. Batrachium Bakeri Greene, Leafl. Bot. Obs. & Crit. 
1: 95. 1904. Batrachium pedunculare Greene, Leafl. Bot. Obs. & Crit. 1: 
95. 1904. Batrachium aquatile (L.) Wimm. var. irichophyllum Frye & 
Rigg. N. W. FI. 169. 1912. Batrachium aquatile capillaceum Garrett, 
Spring FI. Wasatch Reg. Ed. 3. 35. 1917. Batrachium Porteri Britt, in 
Rydb. FI. Rocky Mts. & Adj. Plains 294. 1917. R. aquatilis var. Bakeri 
Jepson, FI. Calif. 1: 544. 1932. R. aquatilis var. peduncularis Jepson, FI. 
Calif. 1: 544. 1922. R. subrigidus W. Drew, Rhodora 38: 39. 1936. 

Glabrous or hispidulous aquatic perennials; roots 0.3~0.4 mm. in diam- 
eter; stems submersed, rooting adventitiously at the lowest nodes, 2-6 or 
rarely 20 dm. long and 1-2.5 mm. in diameter, branching, with large air 
chambers present in the cortex, the vascular system far in the interior, sur- 
face sometimes hispidulous; leaf blades all submersed and finely dissected 
into filiform divisions, usually but not necessarily collapsing when with- 
drawn from the water, 2-4 cm. long, 3-5 cm. broad ; petioles 0.2-3 cm. long, 
including the stipular leaf bases which are 2-5 mm. long (these often bor- 
dering the entire petiole and sometimes apically free from it) cauline leaves 
alternate ; pedicels stout, 1-2 cm. long in flower and 1.5-3 cm. long in fruit. 
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glabrous; sepals 5, light green, spreading, ovate, 2-3 cm. long, 1-1.8 mm. 
broad, glabrous, half the length of the petals, deciduous before the corolla ; 
petals 5, white or the bases yellow, 4-^ mm. long, 1.5-2 mm. broad, the 
nectary scale glabrous, forming a shallow pocket or sometimes greatly re- 
duced; stamens 5 or 10-25; achenes usually 10-20 in a globose cluster, each 
achene obovoid, 1-1.5 mm. long or rarely longer, 1-1.5 mm. dorsoventrally, 
0.5-0.7 mm. laterally, roughly transversely-rigid, glabrous from the begin- 
ning or the pistils hispid and the achenes glabrate or with some hairs per- 
sisting on or near the dorsal sutures, margin rather sharp, the achene beak 
about 0.3 or rarely 0.5 mm. long ; receptacle siibglobose, 1 mm. long in flower 
and 1 mm. long in fruit, densely pubescent. 

Ponds and ditches and vernal streams and pools at low elevations along 
the coast and up to 1,000 or 1,800 meters elevation in the interior; Europe; 
Asia; Alaska to Labrador and southward to California (not in the humid 
coast forest), northern Mexico, Kamsas, Kentucky, and the vicinity of New 
York City. Rare in New England. Spring or summer. 

The form with hairy pistils and glabrate or partly-hairy achenes occurs 
from Bering Strait, the Pribilof Islands, and the Yukon River watershed 
southward through the northern Creat Basin and Great Plains to south- 
eastern California, northern Mexico, and Nebraska and eastward mostly 
north of the Canadian Boundary to Newfoundland, Vermont, and Maine. 
This form and the one with glabrous pistils occur together through large 
areas, but each has a large territory wherein it is the only form present. A 
robust form with achenes 2-2.5 mm. long occurs in Eastern Oregon and 
extreme northern California. The following specimens of this form are at 
the Gray Herbarium : Oregon : Prairie City, Henderson 5448; Shirk, Leiberg 
2586. California: Buck Mountain, Humboldt County, California, Harris^ 
Tracy and Yates 3453; Hat Creek, Shasta County, California, Eggleston 
7521. 

Type collections: (1) 11. trichophyllus, ‘‘trichophyllus (mihi) Hall. 
1162: in rivulis limpidis, Valgaud. Devoluy.^’ P^or valid publication, the 
species depends upon the reference to Haller’s 1162^ “Ranunculus caule 
fluitante, petiolis uniflorus, foliis capillaribus, laciniis divergentibus, ” for 
Chaix gave no description of the plant. Haller’s references are capable of 
several interpretations, and there has been much confusion about them. 
However, as pointed out by Drew, Rhodora 38 : 21-23. 1936, the common 
usage has been to attribute the name Bannnculus trwhophyllns to the com- 
mon dissected-leaved plant of Switzerland and much of Europe. (2) R. 
capillaceus, based upon Haller 1162, and therefore upon the same type as 
R. trichophyllus. (3) R. amphibius, Platte River, west of the mouth of 
Portera’s Creek. This plant is the form with hairy pistils discussed above. 
A specimen is in the New York Botanical Garden. (4) Var. brachypus, “Cali- 
fornia-Supplement. Where not otherwise mentioned, it is to be understood 
that the following species are from the collection of Mr. Douglas. They were 
presented by the Horticultural Society of London, in whose service Mr. 
Douglaa was at the time he gathered them.” (5) R. Porteri, “Henry’s Pork, 
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No. 1062; Ranunculus, entirely immersed.'’ Eastern Idaho, according? to 
Eydberf?; Southwestern Wyoming^, according; to Britton. (6) B. Bakeri, 
‘‘Pools among the hills of the Coast Range near Stanford University Cali- 
fornia, 8 May, 1902, C. P. Baker, distributed under n. 786." Type seen at 
Notre Dame, but Hgr. No. not recorded. (7) B. pedunculare, Near Lakeport, 
Lake Co. [California], 9 May, 1902, C. P. Baker, distributed under n. 3062." 
Type seen at Notre Dame, but HGr. No. not recorded. (8) R. suhrigidus, 
“Quebec. . . . York River, July 29, 1905, Williams, Collins, & Fernald 
(type in Gray Herb.). In addition to the names given in synonymy various 
new combinations of Old World names have been made in America 
(Batrachium aquatile pantothrix Piper Contr. IT. S. Nat. Herb. 11 : 270. 
1906, based upon R. pantothrix Brot. PI. Lusit. 2: 375. 1804; Batrachium 
aquatile flaccidum Cockerell in Daniels PI. Boulder, Colo., 122. 1911 and 
R. aquatilis L. var. fiaccidus Rob. in A. Gray, Syn. PI. 1 : 21. 1895, based 
upon R. flaccidns Pers. in TTsteri, Ann. Bot. 6(14) : 39. 1795; B. aquatile 
caespitosum Piper, Contr. IT. S. Nat. Herb. 11 : 270. 1906 and B. trichoiyhyU 
lum cacspitosus Britt. & Brown, 111. PI. 2: 84. 1897, based upon R. caespitosus 
Thuill. PI. Env. Paris Ed. 2. 278. 1799; R. aquatilis L. var. Drouetii Lawson, 
Trans. Roy. Soc. Can. 2: 45. 1884, based upon R. Drouetii P. Schultz, Arch. 
PI. Prance et All. 1: 107. 1848). R. divaricatus Schrank has been used also 
under various combinations for this plant. 

R. amphihius James {R. suhrigidus Drew) is intermediate between R. 
aquatilis var. capillaceus and R. circinatus. 

74B. Ranunculus aquatilis var. eradicatxts Laestad. N. Act. Reg. Soc. 
Scient. Ups. 11 : 242. 1839. Batrachium eradicatum Pries, Bot. Notis. 114. 
1843, nomen nudum. B. confervoides Pries, Bot. Notis. 121. 1845. R. 
confervoidcs Pries, Sumnia Veg. Scand. 1 : 139. 1845. R. paucistamineus 
Tausch var. borealis Beurl. Bot. Notis. 156. 1852. R. hydrocharis Spenn. f. 
confervoides Iliern, Jour. Bot. Brit. & Por. 9 : 102. 1871. R. aquatilis var. 
confervoides Lawson, Trans. Roy. Soc. Canada 2(4) : 45. 1884. B. pauci- 
stomineum (Tausch.) P. Schultz var. eradicatum Gelert. Bot. Tidsskr. 19 : 
28. 1894. R. aquatilis L. var. confervoides Rob. in A. Gray Syn. PI. 1 : 21. 
1895. R. divaricatus Schrank var. eradicatus Williams Jour. Bot. Brit. & 
Por. 46 : 21. 1908. R. fiaccidus Pers. var. confervoides Hegi. 111. PI. Mittel- 
Eur. 3 : 584. /. 708k. 1912. B. confervoides Rydb. PI. Rocky Mts. & Adj. 
Plains 294. 1917. R. paucistamineus var. eradicatus (Laest.) Gelert /. ter- 
restris Porsild, Meddel. Grnl. 68: 77. 1926. R. trichophyllus Chaix var. 
eradicatus W. Drew, Rhodora 38 : 33. 1936. 

Stems 0.4-1 mm. in diameter; leaves all submersed and dissected into 
divisions 0.1 mm. broad and 3-4 cm. long; petals 4-6 mm. long by 2 mm. 
broad ; stamens 5-8 ; achenes 1 mm, long, glabrous from the beginning. 

Stagnant water ; circumboreal ; Arctic America in Alaska and the Yukon 
District and from Quebec to Labrador and Newfoundland; Greenland. A 
modified form continues southward into New England. Arctic-alpine grass- 
land and northern coniferous forest. July and August. 

Type collections: (1) Var. eradicatus. The following information was 
supplied by Dr. H. W. Rickett of the New York Botanical Garden : “No spe- 
cimen or collection mentioned. Habitat in shallow pools, and L. thought it 
originated by action of ice on plant of typical R. aquatilis. Various locations 
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in Tome Lappmark are gixen as examples.’’ The following is quoted from 
W. B. Drew, Rhodora 38; 45. 1936, “It is quite evident from Laestadius’s 
remarks that he believed the filiform and diminutive habit of the plants to be 
due to ice-action in pulling up the roots so that the new growth arose from 
fragments of the old. In other words, he regarded var. eradicahts as simply 
a variation, brought about by the rigors of a subarctic climate, of the usual 
dissected-leaved European R. aquatilis.*^ (2) B. confervoides, aquosis 
Lapponiae et Pinlandiae bore(dis. v. c. ad Ulaeborg, unde specimina a A. 
Nylander missa dedit Angstrom.” Type in the University Museum, ITpsala. 
(3) V'ar. borealis f “R. aquatilis eradicatus Laest. Batrachium aquatile eradi- 
catum Pr. Mant. 3. B. confervoides Pr. in bot. notis, Herb. norm. fasc. 13. 
n: ro 45.” (4) F. terrestris, “At the border of a little lake in Blaesdalen 69° 
17 Disko . . . was just flowering Aug. 1913 (Th. P. !)” Thorbj0rn Porsihf. 
Disko Island, Greenland. 

74G. Ranuncitli^s aquatilis var. hispiditlus E. Drew, Bull. Torrey Club 
16: 150. 1889. R. aquatilis L. “form” heterophyUas A. Gray, Proc. Am. 
Acad. 21: 363. 1886. R. Grayanus Preyn, Deuts. Bot. Moimtss. 8: 179. 
1890, Batrachium Grayanum Rydb. PI. Rocky Mts. & Adj. Plains 294. 
1917. R. trichophyllus var. hispidulus W. Drew, Rhodora 38: 29. 1936. 

Upper portion of the stem floating ; floating leaves 1-10, simple, reniform, 
0.5-1 cm. long, 1-3 cm. broad, 3-lobed or deeply-parted, the lobes again forked 
or parted, the ultimate lobes rounded, the leaf proximally cordate and dis- 
tally rounded, sometimes hispidulous dorsally ; petals 4-6 mm. long. 

Ponds, ditches, and vernal streams and pools at low elevations along the 
coast and up to 1,000 or 1,800 meters elevation in the interior; Pacific Slope 
from the Shumigan Islands, Alaska, to Monterey and Mariposa Counties, 
California; Cuyamaca Lake, San Diego County, California; occasional in 
Eastern Washington and Oregon and rare in Idaho, Montana, and Utah. 
Practically confined to the northwestern coniferous forest from which var. 
capillaceus is almost excluded April to July. 

Type collections: (1) “Porm” heierophyllus, “The type of Linnaeus R. 
aquatilis being the form heterophyllus. ” The Pacific Coast plant was taken 
by Gray to be typical R. aquatilis, (2) Var. hispidulus , Jarnigan’s, Hum- 
boldt County, Chestnut cO Drew, July 21, 1888. (3) B. Grayanus, British 
Columbia, Teich bei Lytton, auf Granit in 80-100 m. See hohe. . . . July 
1887 (No. 331 p. p.)” ‘ 

74D. Ranunculus aquatilis var. calvescens (W. Drew) L. Benson, 
comb. nov. R, trichophyllus Chaix var. calvescens W. Drew, Rhodora 38: 
32. 1936. 

Achenes 1.5-1.8 mm. long, usually glabrous; receptacle glabrous or 
sparsely hairy, the hairs when present not densely-tufted ; otherwise like var. 
capillaceus. 

New Brunswick, Nova Sootia and New England; Cohasset, Herkimer 
County, New York; Keneewaw County, Michigan. Northern coniferous and 
northeastern hardwood forests. June to August. 

Type collection: “Massachusetts; Cram’s River, Danvers, July 2, 1885, 
J. H. Bears. (Type in Gray Herb.) ” 
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75. Ranunculus circinatus Sibth. PI. Oxon. 175. 1794. Batrachium 
circimtum Spach. Hist. Nat. Vejr. 7: 201. 1839. R. longirostris Godr. Mem. 
Roy. Soc. Nancy 39. /. 9. 1839. J8. longirostre P. Schultz, Arch. PI. Prance 
et All. 1: 71. 1842. R. hydrocharis Spenn. f. longirostris Hiern. Jour. Bot. 
Brit. & Por. 9: 100. 1871. R. aqnatilis L. var. longirostris Lawson, Trans. 
Roy. Soc. Can. 2: 45. 1884. /?. usneoides Greene, Leafl. Bot. Obs. & Crit. 2: 
106. 1910. B. eircinatuni terrestre Lunell, Am. Midi. Nat. 4: 359. 1916. 

Aquatic in sluj^j^ish fresh water; Old World; Nevada and Montana to 
western Quebec, New Mexico, Arkansas, Tennessee, New Jersey, and Dela- 
ware; rare in New Enjifland. Summer. 

This species is connected with R, aquatilis var. capilUiceus through a 
great many intergrading forms; R. amphibius James {R, stibrigidns Drew). 
In works by American authors the following names based upon Old World 
types have been applied in various combinations: Raniuiculus divaricatus 
Schrank; Ranunculus siagnatilis Wallr. ; Ranunculus rigidus Roth. 

Type collections: (1) R. circinatus, “ Christ-Church Meadow — South 
Leigh/’ England. (2) R. longirostris, ^^In aquis fluentibus Americae 
Borealis prope Saint Louis, Missouri.” A. Riehl, June, 1838. (3) R. usneoides, 
“Lake City, Arkansas, collected by Mr. A. II. Howell, 1 May, 1910.” (4) 
B. circinatum terrestre, “A form growing on low land where water once 
was, but later dried up. Leeds.” North Dakota, LunelL 

SUBGENUS VII. PALLASIANTHA L. BENSON 

76. RANtJNCULt^s PALLAsii Schlect. Aiiimad. Ranunc. 1: 15. pi 2, 1820. 
Shallow water near sea level; Bering Sea region and northern Alaska; 

eastern shore of Hudson Bay, lat. 60° 42' and Port Harrison, Quebec. Arctic- 
alpine grassland. July and August. 

Type collection: “Habitat in littore occidentali Americae summae arcti- 
cae in sinubus scilicet Eschscholtzii et bonae spei inque insula St. Georgii 
parva insula ultra insulas Aleuticas septentriouem versus sita (de 
Chamisso).” 


SUBGENUS VIII, COPTIDIUM (NYM.) L. BENSON 

77. Ranunculus lapponicus L. Sp. PI. 553. 1753. Coptidium lapponi- 
cum Beurl. in Gaud. PI. Eur. 234. 1883. A7iemon€ nudicaulis A. Gray, Bot. 
Gaz. 11: 17. 1886. 

Bogs, at low elevations ; Europe ; Asia ; Alaska to Labrador and Green- 
land and south to northern Minnesota, Ontario, and Maine (Aroostock 
River). Arctic-alpine grassland and northern coniferous forest. Summer. 

Type collections: (1) /?. lapponims, ^‘Habitat in Alpibus Lapponicus.” 
(2) A. nudicaulis, “Which grows in bogs and on banks near the water at Sand 
Bay [Lake Superior region], Minnesota, very near lat. 48°, and in or near 
the Canadian Boundary . . . specimen sent to me in a letter, dated August 
8, 1870, from Mr. Joseph C. Jones, then of the U. S. Steamer Search.” 
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SUBGENUS IX. PICARIA (HUDS.) L. BENSON 

78. Ranunculus picaru L. 8p. PI. 550. 1753. Ficaria verna Huds. FI. 
Aiigl. Ed. 1. 214. 1762. Ficaria ranunculoides Moeneh, Meth. 215. 1744. 
Ficaria Ficaria Karst. Pharm. Med. Bot. 565. 1880. 

Moist land at low elevations ; commonly a pasture weed ; Europe ; intro- 
duced along the coast in Massachusetts, on Long Island, in eastern Pennsyl- 
vania, at Washington, D. C., and in adjacent Maryland. April and May. 

Type collections: (1) E. Ficaria, “Habitat in Enropae rnderalis, urn- 
brosis, spongiosis.” (2) F. verna, based upon R. Ficaria. (3) F. ranuncu- 
loides, based upon R. Ficaria. 

Department op Botany, University op Arizona 
Tucson, Arizona. 
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UNDESCRIBED PLANTS FROM MEXICO 
AND CENTRAL AMERICA' 

C. L. Lundell 

From the Yucatan Peninsula and Chiapas eighteen novelties are described 
in twelve families. Of particular interest are two new trees in Symploco- 
carpoUy one from British Honduras and the other from Chiapas ; this genus 
of the Theaceae, proposed in 1937, now has eight representatives in Mexico 
and Central America. Two species, described in the subgenera Chamaecrista 
and Peiranisia, are transferred to Cassia; a slender vine, Bradhurya uni- 
faliata Rose, recently found in the Yucatan Peninsula, is placed in Cen- 
troscma, a conserved genus. Along ivith a record of Arnmannia Koehnci 
Britton from Yucatan, A. dentifera A. Gray is relegated to a varietal status 
wilder Bot ala ramosior (L.) Koehne. 

Celtis petenensis Lundell, sp. nov. Arbor parva, ramulis pilosis. Folia 
petiolata, membranacea, ovata vel ovato-lanceolata, 2.5-8.5 cm. longa, 1.&- 
4 cm. lata, apice acuminata, basi acuta vel rotundata, serrata, trinervia, 
utrinque parce pilosa. Inflorescentiae cymosae, axillares, ad 1 cm. longae, 
pilosae. Fructus ellipsoideus. 

A slender tree, 6-10 m. high, branchlets very slender, short pilose, the 
hairs incurved. Petioles slender, canaliculate, pilose, 3-7 mm. long. Leaf 
blades thinly membranaceous, dark green above, paler beneath, ovate or ovate- 
lanceolate, 2.5-8.5 cm. long, 1.6-4 cm. wide, apex acuminate, base oblique, 
acute or rounded, sometimes rounded and abruptly acutish, sharply serrate 
except at base, trinerved, the veins impressed above, conspicuous beneath, 
sparsely but persistently pilose on both surfaces, the hairs coarsest above, 
densest along the primary veins. Inflorescence cymose, up to 1 cm. long, the 
peduncle scarcely evident, apparently bearing hermaphrodite flowers at 
apex of cyme, the male below. Fruiting pedicels nodose, subequaling to 
slightly longer than petioles, very slender, short pilose. Drupes ellipsoid, with 
a ring of hairs at base and a few hairs at apex around the stigma, otherwise 
glabrous. 

Guatemala — pet6n : Lake Yaxha, on ruins of Topoxte, in ramonal, June 
19, 1933, C, L, Lundell 4306 (type in the University of Michigan Her- 
barium), a slender tree, 6 to 10 m. high. 

C. petenensis is allied to C. Swarf zii Planch, of the West Indies, a tree 
with glabrous leaves. The species has been reported as C. trinervia Lam. 
(Lundell, Carnegie Inst. Wash., Publ. 478: 58. 1937). A sterile specimen, 
Bartlett 12574 from Uaxactun, probably is referable here. 


1 Papers from the University of Michigan Herbarium. The study has be^n supported 
in part by funds from the Horace H. Rackham School of Graduate Studies of the Uni- 
versity of Michigan. 
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Neea hirtella Lundell, sp. nov. Frutex, rainulis puberulo-hirtellis. 
Folia puberulo-hirtella, petiolata, ehartacea, elliptica vel oblongo-elliptica, 
3-8 cm. lon{?a, 1.5-4.2 cm. lata, apioe subabrupte subaeuminata, basi acuta 
vel rotundata. Poores feiuinei cymoso-paiiiculati, paniculis parvis, riifo-piib- 
erulis, floribus sessilibiis vel pedicellatis, pedicellis ad 2.5 mm. lonj?is. 
Perianthium tubulosum, ca. 3 mm. loiigum, riifo-piiberulum. Staminodia 7. 

A shrub, about 1 m. higli ; branches terete, persistently short hirtellous ; 
branchlets rather slender, drying blackish, usually with short internodes, 
rufo-hirtellous, the hairs incurved. Petioles short hirtellous, 2.5-11 mm. long. 
Leaf blades yellowdsh-green, sublucid on upper surface, slightly paler be- 
neath, chartaceous, persistently short hirtellous on both surfaces or sub- 
glabrescent above with age, elliptic or oblong-elliptic, 3-8 cm. long, 1.5-4.2 
cm. wide, apex subabruptly short acuminate, the acumen acute or obtusish, 
base acute or rounded, costa plane or nearly plane above, prominent beneath, 
primary veins 6 to 8 on each side, slender, veinlets inconspicuously reticulate. 
Pistillate inflorescence rufo-puberulent, small ; the peduncle slender, up to 
5 cm. long (in fruit). Pistillate flowers rufo-puberulent, sessile or borne on 
pedicels up to 2.5 mm. long, subtended by 3 linear-lanceolate bractlets about 
1 mm. long; perianth tubular, scarcely 3 mm. long, 5-dentate. Staminodia 7. 
Ovary 1-celled with 1 erect ovule; stigma penicillate. Young fruits ellipsoid, 
about 9 mm. long, sparsely rufo-puberulent, dark red. 

Mexico — yucatan : Chicheu Itza, in low thicket between the Castillo and 
Sacred Cenote, June 6, 1938, C. L, Lundell cO Amelia A. Lundell 7422 (type 
in the University of Michigan Herbarium), a shrub, about 1 m. high, fruits 
ellipsoid, dark red; same locality, in forest, June 15, 1932, W, C.,Steere 
1307. 

N. hirtella is characterized primarily by the minute but persistent 
pubescence. Its affinity is with N. choriopliylla Standi., described from the 
same region. 

Ocotea Matudai Lundell, sp. nov. Arbor, ramulis glabris, subatris. 
Folia petiolata, subcoriacea, lanceolata vel oblongo-lanceolata, 7-15 cm. longa, 
2.(>-5.5 cm. lata, apice obtusa, basi acuta, reticulata, supra glabra, lucida, 
subtus (axillis barbatis exceptis) glabra. Tnflorescentiae cormyboso-pani- 
culatae, puberulae, ad 7 cm. longae. Flores hermaphroditi. Filamenta 
antheras breviora. Antherae i)arvae, truncatae. Staminodia stipitiformia, 
glabra. Ovarium glabrum. 

A tree, 7 m. high, branchlets slender, angled at first, glabrous. Petioles 
glabrous, canaliculate, 8-15 mm. long. Leaf blades subcoriaceous, shining, 
paler beneath, lanceolate or oblong-lanceolate, 7-15 cm. long, 2.6-5.5 cm. 
wide, apex obtuse, base acute, costa plane above, prominent beneath, primary 
veins 6 to 9 on each side, prominulous on both surfaces, veinlets reticulate, 
barbate beneath in the axils of the primary veins, glabrous otherwise. In- 
florescences corymbose-paniculate, branched to the base, up to 7 cm. long, 
puberulent. Flowers perfect, ajbout 7 mm. in diam., white, puberulent; 
pedicels slender, up to 4 mm. long. Perianth tube scarcely evident; lobes 
elliptie-oblong, about 2.5 mm. long, obtuse, puberulent on both surfaces. 
Receptacles pubescent. Stamens 9, not over 1.3 mm. long ; filaments slightly 
shorter than anthers, glabrous ; anthers 4-celled, ovate-oblong, apex truncate 
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and very shallowly emarginate, base sharply contracted into filament, cells of 
series I and IT introrse; glands of series III rather small, sessile. Staminodia 
stipitiform, glabrous. Ovary glabrous, equaling style. 

Mexico — ctiiapas: Mt. Ovando, western slope, alt. 1800 m., July 1-16, 
1940, Eizi Matuda 4221 (type in the University of Michigan Ilerbariiim) ; 
same locality, north slope, alt. 1300 in., Maivda 4188. 

Capparis yucatanensis Lundell, sp. iiov. Fnitex, ramulis stellato- 
tomentellis, vinaceis, angulatis. Folia petiolata, chartacea, supra lucida 
glabra, subtus albido-stellato-tomeiitella, areolata, obovata, obovato-elliptica, 
vel elliptica, 3-6 cm. louga, 2.2-4.3 cm. lata, apice abrupte acuminata vel 
acuta, basi obtusa. Inflorescentiae umbellatae, supra-axillares, pedunculatae. 
Pedicelli tomentclli, ad 6 mm. longi. Fructus oblongo-ellipsoideus, albido- 
stellato-pubes(?entibus, stipitatus. 

An arborescent shrub, about 4 m. high ; branchlets usually short, angulate, 
slender, at first vinaceous tomentellous with minute stellate hairs. I^etioles 
canaliculate, whitish tomentellous, 4-10 mm. long. Leaf blades chartaceoiis, 
lucid and glabrous above, white tomentellous beneath with soft minute stel- 
late hairs, obovate, obovate-elliptic, or elliptic, 3-6 cm. long, 2.2-4.3 cm. 
wide, apex abruptly short acuminate or acute, base obtuse, costa and veins 
plane above, conspicuous beneath, primary veins 3 to 5 on each side, areolate 
beneath, the veinlets minutely and conspicuously reticulate. Inflorescence 
umbellate, solitary, supra-axillary, with only one flower developing; 
peduncles tomentellous, 4-7 mm. long; pedicels tomentellous, those of fruits 
rather stout, up to 6 mm. long. Calyx tomentellous, the calyx lobes 1-seriate. 
Fruits oblong-ellipsoid, white tomentellous, borne on stipes up to 4 mm. 
long. 

Mexico — yucatan : Chichen Itza, off Kaua road in advanced deciduous 
forest, June 8, 1938, C. L. Limdell rf? Amelia A. Lundell 7452 (type in the 
University of Michigan Herbarium), an arborescent shrub, about 4 m. high. 

C. yucatanensis has affinity to C. incana H.B.K. The plant is characterized 
by its i:)redominantly obovate leaves conspicuously reticulate veined beneath. 

Crataeva glauca Lundell, sp. nov. Arbor parva, glabra. Folia tri- 
foliolata, petiolata; foliola membranacea, glauca, elliptica, oblongo-elliptica, 
lanceolata, vel obovata, 3.5-10,5 cm. longa, 1. 7-4.8 cm. lata, apice subabrupte 
acuminata, basi cuneata vel acutiuscula. Inflorescentiae terminales, corym- 
bosae. Sepala 4, lineari-lanceolata, 4-7 mm. longa. Petala 4, lamina anguste 
oblongo-elliptica, 2.3-5 mm. lata, ad 12 mm. longa. Fructus globosus, ad 3.8 
cm. diam. 

A small tree, up to 7 m. high, 30 cm. in diam., glabrous; branchlets 
rather stout, with conspicuous scattered lenticels. Leaves 3-foliolate; petioles 
slender, up to 9.5 cm. long ; petiolules short, usually 1.5 to 3 mm. long, rarely 
as much as 6.5 mm. long. Leaflets membranaceous, glaucous beneath, elliptic, 
oblong-elliptic, lanceolate, or the terminal leaflet sometimes obovate, usually 
3.5 to 7.5 cm. long, sometimes up to 10.5 cm. long, 1.7 to 4.8 cm. wide, apex 
subabruptly acuminate, the acumen usually short, terminal ^Yith euneate 
base, lateral unequal-sided and acutish, primary veins 6 or 7 on*each side, 
prominulous beneath. Inflorescence a terminal leafy corymbose raceme; 
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pedicels slender, 2.8 to 5.8 cm. lon^. Sepals 4, linear-lanceolate, 4 to 7 mm. 
long, unequal, acuminate, slightly constricted above base. Petals 4; claw up 
to 1 cm. long ; blade narrowly oblong-elliptic, 2.3 to 5 mm. wide, up to 12 mm. 
long. Receptacle conspicuously elevated in center. Stamens 16 to 22; fila- 
ments up to 5 cm. long; anthers linear, 6 to 7 mm. long. Gynophore up to 5.5 
cm. long. Fruits globose, up to 3.8 cm. in diam. 

Mexico — campeche: Palizada, swampside, July 25-28, 1939, Eizi Matnda 
3863 (type in the University of Michigan Herbarium), a small tree, 7 m. 
high, 30 cm. in diam., flowers greenish-yellow, vernacular name crusita, 
TABASCO: Boca del Cerro on the Usumacinta River, swampside, July 1-5, 
1939, Matuda 3533, a tree, 5 m. high, 25 cm. in diam. Yucatan : km. 20, 
Merida-Progreso road, in thicket, July 27, 1938, C. L. Lundell rf- Amelia A.$ 
lAindell 8142, a tree, about 5 m. high, 15 cm. in diam., vernacular name 
kolokmax; Calotmul, G. F. Gaunter 1679. quintana roo: Coba, in forest 
covering the ruins, June 26, 1938, Lundell and Lundell 7632, a tree, about 
6.5 m. high, 10 cm. in diam., fruits globose. British Hondttras : El Cayo Dis- 
trict, Little Cocquericot, Belize River, April 16, 1933, C. L. Lundell USD. 

C. glauca is nearest C. gynandra L. The small acuminate leaflets con- 
spicuously glaucous on undersurface, the shorter petiolules, the larger sepals 
and petals, and fruits about 3.8 cm. in diameter distinguish it from that 
species. Tn the interpretation of C. gynandra, I have followed Fawcett and 
Rendle (FI. Jam. 3: 235. 1914). 

C. Tapia L., which occurs in British Honduras {Schipp 1150), has non- 
glaucous leaflets and considerably larger flowers with the recep^-“«i^ only 
slightly elevated. 

Cassia (Chamaecrista) itzana Lundell, sp. nov. Frutex, ramulis gracili- 
bus, pilosis. Stipulae ovatae, ad 8 mm. longae, 4 mm. latae, acuminatae. 
Foliola 5-13-juga, lineari-oblonga, 4-10 mm. longa, 1.2-3 mm. lata, supra 
glabra, subtus juventate pilosa, ciliata. Pedicelli ad 2.2 cm. longi. Sepala 
laneeolato-oblonga, apiculata, 6-8 mm. longa. Petala cuneato-obovata, ad 
13 mm. longa. Legumen lineari-oblongum, ad 5.5 cm. longum, 4.2 mm. 
latum. 

A low shrub, less than 1 m. high, branchlets slender, wiry, soft pilose, the 
hairs slightly incurved. Stipules conspicuous, prominently veined, ovate, up 
to 8 mm. long, 4 mm. wide, long acuminate, ciliate. Petiole bearing a small 
subsessile gland, the petiole and rachis together up to 3 cm. long, sparsely 
pilose. Leaflets chartaceous, 5 to 13 pairs, linear-oblong, 4 to 10 mm. long, 
1.2 to 3 mm. wide, apex obliquely shoi’t aristulate, the costa submarginal, 
costa and veins conspicuous, glabrous above, at first pilose on under surface, . 
persistently ciliate. Pedicels filiform, long pilose, up to 2.2 cm. long ; bractlets 
subapical, lanceolate. Sepals lanceolate-oblong, 6 to 8 mm. long, incon- 
spicuously veined, pilose. Petals cuneate-obovate, the largest 13 mm. long. 
Legume linear-oblong, up to 5.5 cm. long, 4.2 mm. wide, sparsely pilose. 

Mexico — Yucatan : Progreso, east of port, in scrub on low sand dunes, 
July 23, 1938, C. L. Lundell & Amelia A. Lundell 8055 (type in the Uni- 
versity of Michigan Herbarium), a low shrub, corolla yellow; same locality, 
west of port, in scrub on low sand dunes, July 17, 1938, Lundell & Lundell 
7959, prostrate perennial, corolla yellow; kilometer 29, Merida-Progreso 
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road, ill cleared marshy flats, July 26, 1938, Lundell & Lundell 8127, a 
shrub, about 60 cm. hig:h, corolla yellow ; Progreso, sandy plain behind beach, 
Aug. 11-15, 1932, W. 0. Steere 3100. 

C. itzana, referable to the tristiculae of the genus Chamaecrista accord- 
ing to Britton and Rose (N. Am. PI. 23: 270. 1930), is clearly allied to C. 
jalapensis (Britton) Lundell. The two sharply diverge in size of flowers and 
in number and size of leaflets. 

Cassia jalapensis (Britton) Lundell, comb. nov. Chamaecrista jala- 
pensis Britton, N. Am. FI. 23: 274. 1930. 

Cassia yucatanensis (Britton & Rose) Lundell, comb. nov. Peiranisia 
yncatensis Britton & Rose, N. Am. PI. 23: 263. 1930. 

Centrosema unifoliatum (Rose) Lundell, comb. nov. Bradbiirya uni- 
foliata Rose. Contr. IT. S. Nat. Herb. 8: 45. 1903. 

Mexico — quintana roo: Coba, in savanna, July 1, 1938, C. L. Lundell cO 
Amelia A. Lundell 7746, a perennial herbaceous vine, corolla lavender. 
TABASCO: Estapilla, near Tenosique, in savanna, June 27, 1939, Eizi Matuda 
3498, a vine, corolla blue. 

Mr. C. V. Morton, who has examined a specimen of the Matuda collection, 
refers the Tabasco material to this species. The banner in both the collec- 
tions is more than twice as large as described by Rose. 

Lonchocarpus Xuul Lundell, sp. nov. Prutex vel arbor parva, ramulis 
juventate parce sericeis. Folia 5-9-foliolata ; foliola chartaeea, glabra, ob- 
longa, elliptica, vel ovata, 4-6 cm. longa, raro 3-11 cm. longa, 1.3-4.5 cm. 
lata, apiee late obtusa, subacuminata, retusa, basi rotundata, petiolulis 3-4 
mm. longis. Tnfloresceiitiae racemiformes pauciflorae, rachi 2-6 cm. longa, 
parce sericea. Calyx late cupulatus, subinteger, 3 mm. altus, 5-6 mm. diam. 
Corolla parce sericea, vexillum suborbiculare, apice bilobatum, basi late 
cuneatum, ca. 10.2 mm. longum, 12 mm. latum. Ovarium lineare sericeum, 
ovulis 4 vel 5. Ijegumeii 1-4-spermum. 

A shrub, or tree up to 10 m. high, 20 cm. in diam., branchlets rather 
slender, at first sparsely short sericeous. Leaves 5- to 9-foliolate ; the rachis 
slender, canaliculate, at first sparsely sericeous-puberulent, up to 9 cm. 
long. Leaflets chartaceous, pallid; the petiolules 3 to 4 mm. long, sparsely 
substrigillose at first ; the blades oblong, elliptic, or ovate, usually 4 to 6 cm. 
long, sometimes 3 to 11 cm. long, 1.3 to 4.5 cm. wide, apex broadly obtuse, 
usually subacuminate, the acumen retuse, base rounded or sometimes aciitish, 
usually slightly oblique, epunctate, sparsely strigillose above along costa, 
sparsely strigillose beneath, entirely glabrous with age, costa impressed 
above, prominent beneath, primary veins 7 to 9 on each side, prominulous 
beneath, inconspicuous above. Racemes appearing with the leaves, solitary 
at the nodes of young branchlets; the rachis rather sparsely sericeous with 
silvery hairs, 2 to 6 cm. long in flower, rarely up to 13.5 cm. long in fruit; 
peduncles and pedicels sparsely short sericeous, the peduncles solitary, 
biflorus, 2 to 2.3 mm. long, the pedicels about 1.5 mm. long. Bractlets oblong- 
elliptic, 1.3 mm. long. Calyx broadly cupulate, 3 mm. long, 5 tb j6 mm. in 
diam., sparsely short sericeous. Standard petal dark green outside with 
purple margin, purplish within, rather sparsely short sericeous, suborbicular. 
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about 10.2 lum. loiijr, 12 mm. wide, conspicuously bilobed at apex, base 
broadly cuneate, without basal lobes hut appenda^^ed within, the claw broad, 
short, only about 1.3 mm. lonj?. Winers purplish, adherinj? to carina, oblique, 
rounded-auriculate, rounded at apex, claw 3 mm. lonj?, blade 8 mm. long, 
4 mm. wide. Carinal petals purplish, apex rounded and ciliolate, base acutisli, 
not auriculate, the claw 3.5 mm. long, the blade 7 mm. long, 3.2 mm. wide, 
apical portion of wings and carinal petals sparsely sericeous, glabrous other- 
wise. Staminal tube glabrous, the vexillar stamen free at base. Ovary linear, 
cano-sericeoiis, 4- or 5-ovulate; style geniculate. Legume 1- to 4-seeded, 
slender stipitate, glabrous at maturity, up to 8 cm. long, 1.8 cm. wide, usually 
constricted between the seeds, the carinal .suture flat, slightly broadened 
at the seeds, the vexillar suture thick, concave, about 6.5 mm. wide, narrowh 
winged on both sides (similar to legume of L. sericens (Poir.) H.B.K.). 

Mexico — yucatan : Piste- Yokdzonoot road, in advanced deciduous forest, 
July 11, 1938, C. L. LundclL rf* Amelia A. Liindell 7R6i (type in the Thiiversity 
of Michigan Herbarium), a tree, about 7 m. high, 7.5 cm. in diam., vernacular 
name kanxuul; near Xocenpich, in second growth, June 4, 1938, Lundell rf: 
Liindell 7353, a shrub, about 2 m. high; same locality and date, Liindell tO 
Lundell 7356, a shrub, 1 m. high, standard petal dark green outside with 
purple margin, purplish within, wdngs and carinal petals purplish, verna- 
cular name xnnl; Chichen Itza, off Kaua road, in advanced deciduous forest, 
June 9, 1938, Lundell & Lundell 7475, a tree, about 10 m. Ingh, 25 cm. in 
diam., corolla purple and green; same locality, June 9, 1938, Liindell cO Lnn- 
dell 7481, a tree, 8 m. high, 10 cm. in diam. ; same locality and date, .Lundell 
cO Lundell 7482, a treelet, 4 m. high. British Honduras*. Corozal District, in 
high ridge, 1931-1932, Percy H. Gentle 417, a tree, 7.5 cm. in diam., verna- 
cular name turtle-hone ; Corozal-Pachacan road, in high ridge, Aug. 11, 1933, 
C, L. Lundell 4832, a tree, 10 cm. in diam., vernacular name turtle-hone. 

L. Xuul is referable to the subgenus Neuroscapha, series Sericiflori as 
delimited by Pittier (Contr. (T, H. Nat. Herb. 20: 37-93. 1917). It appears 
to be nearest L. constrict us Pittier. 

Tlie Motiil Dictionary lists a xul tree which may be this species. 

Trichilia yucatanensis Lundell, sp. nov. Arbor, ramulis substrigillosis 
et minute puberulis. Folia petiolata, minute piiberula; foliola 3-7, raro 8, 
lanceolato-oblonga vcl elliptico-oblonga, 3-15 cm. longa, 1.3-6. 3 cm. lata, 
apice subabrupte acuminata, basi acuta, petiolulis ca. 4 mm. longis, raro 1 
cm. longis. Tnflorescentiae axillares, usque ad 8 cm. longae, substrigillosae 
et minute puberulae. Pedicelli 1.5-3 mm. longi. Calyx strigillosus. Corolla 
minute strigillosa, ca. 4 mm. longa, lobis triangulari-ovatis. Filamenta in 
tubum cylindricum 2.5 mm. longum connata, pilosa. Ovarium strigosum. 
Capsula obovoideo-ellipsoidea, ad 2 cm. longa, strigillosa. 

A tree, up to 20 m. high, 35 cm, in diam., branchlet, petiole, and inflores- 
cence substrigillose and minutely puberulent. Leaves usually odd-pinnate, 
the rachis densely but very minutely puberulent, the rachis and petiole 3 to 
9 cm. long. Petiolules usually kbout 4 mm. long, rarely 1 cm. long. Leaflets 
alternate or subopposite, usually 3 to 7, rarely 8, lanceolate-oblong or elliptic- 
oblong, 3 to 15 cm. long, 1.3 to 6.3 cm. wide, apex subabruptly acuminate, the 
acumen usually obtusish, base acute, often inaequilateral, margin revolute, 
minutely and sparsely puberulent on upper surface, at first very sparsely 
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strig^illose along costa on under surface and obscurely puberulent, primary 
veins 13 to 15 on each side, slender, prominulous beneath. Inflorescence axil- 
lary, paniculate, up to 8 cm. long, rather laxly flowered. Pedicels 1.5 to 3 
mm. long, jointed at or below the middle. Calyx strigillose, about 1 mm. high, 
the lobes triangular, acutish. Corolla minutely strigillose, about 4 mm. long, 
united to the middle, the lobes triangular-ovate, acutish. Staminal tube 2.5 
mm. long, pilose within, with a few hairs on the outside ; anthers sessile, in- 
serted at the bases of the sinuses, the lobes between the anthers filiform above 
middle. Ovary strigose. Capsule obovoid-ellipsoid, up to 2 cm. long, densely 
strigillose. 

Mexico — campeche : Tuxpeha, Dec. 10, 1931, C, 7>. Tjundell 1041 (type 
ill the University of Michigan Herbarium), a tree, 8 m. high; Monterrey, 
near Tuxpefia, Jan. 23, 1932, Limdell 1240, a tree, 20 m. high, vernacular 
name mordal. 

The species, long confused wdth T. moschata Sw. of Jamaica, is abundant 
in the sapodilla forest of Campeche, northern Peten, eastern Tabasco, and 
British Honduras. Prom T. moschata, to which it has closest affinity, T, yuca- 
fanensis may be distinguished by its pilose staminal tube, flowers almost 
twice as large, longer pedicels, and minute heterotrichous indument. The 
leaf rachis and petiolule are consistently puberulent in all the specimens 
from the peninsula. 

Symplococarpon flavifolium Luiulell, sp. nov. Arbor parva, raniiilis 
parce sericeis. Folia petiolata, flavida, chartacea, glabra, oblonga vel anguste 
elliptica, 4-7.5 cm. long, 1.5-2.5 cm. lata, apice obtusa, basi euneata, margine 
serrulata. Flores ut videtur 1-3 in fasciculis axillaribus; pedicelli fructiferi 
glabri, recurvi, ad 11 mm. longi, bracteolis 2. Fructus ellipsoideus, sublig- 
neus, ca. 1.5 cm, longus, 1.1 cm. diam., calyce stylisque persistentibus coro- 
natus, apice excepto glaber, bilocu laris, 1-3-spermus. 

A tree, 5 m. high, 15 to 20 cm. in diam. ; branchlets slender, short, at first 
sericeous, drying blackish. Youngest leaves drying black, the petioles and 
undersurface of blades sparsely sericeous, mature leaves glabrous. Petioles 
canaliculate, 2 to 6.5 mm. long. Leaf blades chartaceous, yellowish, lucid 
above, oblong or narrowly elliptic, 4 to 7.5 cm. long, 1.5 to 2.5 cm. wide, apex 
usually obtuse, rarely obtusely subacuminate, the tip minutely notched, base 
cuneate, costa slightly impressed above, prominent beneath, primary veins 6 
to 9 on each side, slender but prominulous on both surfaces, veinlets reticu- 
late, most conspicuous above, margin serrulate. Flowers fasciculate, axillary, 
the fascicles apparently 1- to 3-flowered. Fruiting pedicels slender, recurved, 
up to 11 mm. long, the apical bracteoles alternate or subopposite, sparsely 
appressed hairy. Fruits indehiscent, ellipsoid, about 1.5 cm. long, 1.1 cm. 
diam., crowned by the 5 persistent calyx lobes; apical superior part hirsute; 
2-celled, 1- to 3-seeded. 

Mexico — chiapas: Las Cadenas near Escuintla, Jan., 1938, Eizi Matuda 
1883 (type in the University of Michigan Herbarium), a tree, 5 m. high, 
15 to 20 cm. in diam. ; Mt. Ovando, April 5, 1936, Matuda 696, 

Both of the collections are in fruit, and disposition of the material has 
been a puzzle to the writer for over three years. 8, flavifolium appears to be 
nearest 8, muliiflon'um Kobuski. The oblong obtuse yellowish chartaceous 
leaf blades conspicuously reticulate veined, the sericeous indument of the 
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young parts, and the hirsute superior portion of the ovary are distinguishing 
characteristics. 

Symplococarpon lucidum Lundell, sp. nov. Arbor parva, glabra. 
Folia petiolata, membranacea vel chartacea, supra lucida, elliptico-oblonga, 
oblanceolata, vel laiiceolata, 4-10 cm. long, 2-4.8 cm. lata, apice obtuse 
acuminata, basi cuneata, margine erenato-serrata. Flores ad 9 in fasciculis 
axillaribus; pedicelli glabri, recurvi, bracteolis 2, oppositis vel suboppositis. 
Hypanthium glabrum, calycis lobis 5, ciliolatis. Petala 5. Stamina 28 vel 30. 
Ovarium fere totum inferius, biloculare, ovarii parte superiore hirsuta ; styli 
2, liberi. 

A tree, 17.5 cm. in diam., buds white strigillose, entirely glabrous other- 
wise; branchlets slender, wiry, reddish. Petioles shallowly canaliculate, 
rather stout, 2.5 to 4.5 mm. long. Leaf blades membranaceous or ehartaceoiis, 
usually shining above, yellow-green, elliptic-oblong, oblanceolate, or lanceo- 
late, 4 to 10 cm. long, 2 to 4.3 cm. wide, apex obtusely acuminate, base 
cuneate, co.sta plane above, prominent beneath, primary veins 6 to 9 on each 
side, prominulous, veinlets reticulate, the reticulation prominulous beneath, 
less conspicuous above, margin rather remotely crenate-serrate. Flowers fas- 
ciculate, axillary, the fascicles up to 9-flowered; pedicels (of buds) slender, 
up to 1 cm. long, usually recurved, bearing two opposite or subopposite 
bracteoles at apex, the bracteoles ovate, 0.6 to 0.8 mm. long, ciliolate. Ilypan- 
thium glabrous. Calyx lobes 5, imbricate, depressed-orbicular, ciliate. Petals 
5. Stamens 28 or 30 ; anthers tapering at apex into a subulate mucro. Supe- 
rior portion of ovary sparingly hirsute. Styles 2, free. Ovary inferior, 
2-celled, with 2 or 3 ovules in each cell. 

9 

British Honduras: Stann Creek District, Stann Creek Valley, Mountain 
Cow Ridge, in high ridge, Mar. 10, 1940, Percy H. Gentle 3248 (type in the 
University of Michigan Herbarium), bark dark green, wood pink, vernacular 
names pasa macho, wild raisin male. 

Although the material is in bud only, it obviously represents an unde- 
scribed species closely allied to S. multi florum Kobuski. The thin leaf blades 
with rather remote crenatures distinguish 8. lucidum. 

Kobuski in his recent treatment of the genus (Journ. Arn. Arb. 22: 188. 
1941) states in the generic description “ovules solitary in each cell.’^ The 
ovary of 8. lucidum has 2 or 3 ovules in each cell, and in 8. multifloriim 
(8 fork 2305) no less than 7 ovules are present in some cells. 

Hypericum Matudai Lundell, sp. nov. Frutex glaber. Folia petiolata, 
chartacea, pellucido-punctata, oblonga vel lanceolato-oblonga, 1-3.2 cm. 
longa, 0.6-1.4 cm. lata, apice rotundata, basi acutiuscula, biauriculata. In- 
florescentiae cymosae. Pedicelli 3-5 mm. longi. Sepala 5, striata, ovato- 
elliptica, 2.5-3 mm. longa. Petala oblonga, ad 7 mm. longa, 2.6 mm. lata. 
Stamina 9, fasciculata. Ovarium 3-loculare. Capsula ca. 4 mm. longa. 

A glabrous shrub, branchlets slender, short, crowded, with very short 
internodes. Petioles canaliculate, up to 3.5 mm. long. Leaf blades chartaceous, 
pellucid-punctate, oblong or lanceolate-oblong, 1 to 3.2 cm. long, 0.6 to 1.4 
cm. wide, apex rounded, base acutish and decurrent, biauriculate, the 
auricles incurved, essentially entire, primary veins usually 4 on each side, 
inconspicuous. Inflorescence cymose, the cymes up to 3.5 cm. long ; bractlets 
lanceolate^ up to 2.5 mm. long, acuminate, minutely denticulate. Pedicels 
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slender, thickened above, 3 to 5 mm. lon^r. Sepals 5, striate, ovate-elliptic, 
2.5 to 3 mm. lonj?, minutely denticulate-ciliolate, rounded at apex. Petals 
oblon{ 7 , up to 7 mm. lonj?, 2.6 mm. wide. Stamens 9, in fascicles of three, the 
fascicles alternating? with j?lands; filaments up to 4 mm. lon«?. Styles 3, 
slender. Ovary 3-celled. Capsule about 4 mm. lonj?. 

Mexico — chiapas : Mt. Paxtal, Dec. 29, 1936, Eizi Matuda 499 (type in 
the University of Michijran Herbarium). 

Ammannia Koeiinei Britton, Bull. Torrey Bot. Club 18: 271. 1891. 

Mexico — yitcatan : east of Sisal, ^rrowinj? with Acrostichxim in man{?rove 
forest on island in the cienaga, July 29, 1938, C. L. Lxindell & Amelia A, 
Lundell 8188, an erect herb. 

The specues apparently has not been found heretofore in Mexico and 
Central America. It ranges from New Jersey to Florida, and the extension 
into Yucatan is not surprisinj?. The plant closely resembles A, latifolia L., an 
apetalous species. Only two flowers are present on the Yucatan material, 
but both bear four small fujracious petals. 

Rotala ramosior (1j.) Koehne var. dentifera (A. Cray) Lundell, comb, 
nov. Ammaxinia dentifera A. Grav, PI. Wrifrht. in Smithson. Contr. 6: 55. 
1853. 

British Honduras: Toledo District (?), Forest Home, alt. about 50 m., 
in open swampy places, Dec. 18, 1933, W. A. Sehipp 8-492, a weedy annual, 
flowers pink. 

The Ion{?er appendices of the calyx appear to be the only important char- 
acteristic for the sejrrefration of /?. dentifera (A. Gray) Koehne as a distinct 
species. This characteristic can s(*arcely be considered of more than varietal 
importance. 

Eugenia itzana Lundell, sp. nov. Arbor parva, ramulis glabris. 
Folia glabra, petiolata, chartacea, lanceolata, ovato-lanceolata, vel elliptico- 
oblonga, 3-6.5 cm. longa, 1. 1-3.8 cm. lata, apice obtusa, basi acutiuscula, costa 
supra immersa. Inflorescentiae axillares, racemosae, densiflorae, rachidibus 
ad 6 mm. longis. Pedicelli 1-3 mm. longi. Petala elliptica, 3 mm. longa, cilio- 
lata. 

A small tree, up to 4 m. high, 5 cm. in diam. ; branchlets slender, gla- 
brous, compressed at the nodes, the internodes terete; branches whitish. 
I^etioles slender, 3 to 7 mm. long, glabrous. Leaf blades chartaceous, glabrous, 
lanceolate, ovate-lanceolate, or elliptic-oblong, 3 to 6.5 cm. long, 1.1 to 3.8 
cm. wide, apex obtuse, base acutish, costa impressed above, prominent be- 
neath, primary veins 5 to 7 on each side, evident but scarcely prominulous. 
Inflorescence axillary, short racemose, the rachis up to 6 mm. long, usually 
less than 5 mm. long, sparsely puberulent at first. Pedicels slender, 1 to 3 
mm. long, sparsely puberulent at first, usually glabrous very early. Calyx 
minute, the tube about 1 mm. long, glabrous ; lobes 4, broadly ovate, 0.5 to 
0.8 mm. long, ciliolate. Petals elliptic, 3 mm. long, ciliolate. 

Mexico — ^yucatan : Chichen Itza, off Kaua road, in advanced deciduous 
forest, June 16, 1938, (7. L. Lundell Amelia. A. Lundell 7589 (type in the 
University of Michigan Herbarium), a treelet, 3 m. high, 2.5 om. diam., 
petals white ; near Piste, in forest, June 18, 1932, W, C. Steere 1373, ver« 
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nacular name chak^ni, quintana roo : Coba, west end of Lake Coba, in second 
growth, June 28, 1938, Lundell (& Lundell 7687, a treelet, 4 m. high, 5 cm. 
in diam. ; east of Coba ruins, in advanced deciduous forest, July 5, 1938, 
Lundell Lundell 7818, a small tree. 

E, iizana may be separated from E. halancanensis Lundell, the closest 
species, by its broader leaves with costa immersed above, pedicels shorter and 
usually puberulent at first, and calyx with lobes only 0.5 to 0.8 mm. long. 
The calyx lobes of E. halancanensis are fully twice as large . 

Eugenia leptopa Lundell, sp. nov. Arbor parva, ramulis glabris. 
Folia glabra, petiolata, coriacea, lanceolata, lanceolato-oblonga, anguste ellip- 
tica, vel ovato-elliptica, 2.5-6 cm. longa, 0.8-3.1 cm. lata, apice attenuata, 
obtusa, basi acuta. Flores axillares, fasciculati, pedicel lis fructiferis 5-16 
mm. longis, glabris. Fructus subglobosus, ca. 1 cm. diam. 

A small slender tree, up to 4 m. high, 4 cm. in diam. ; branchfets slender, 
glabrous, compressed at nodes; branches terete, whitish. Petioles slender, 
canaliculate, 3.5 to 6 mm. long, glabrous. Leaf blades rigidly coriaceous, 
paler beneath, glabrous, lanceolate, lanceolate-oblong, narrowly elliptic, or 
ovate-elliptic, 2.5 to 6 cm. long, 0.8 to 3.1 cm. wide, apex attenuate and 
obtuse, base acute, costa slightly impressed above, prominent beneath, pri- 
mary veins 5 or 6 on each side, scarcely prominulous on under surface, 
obscure above, conspicuously punctate. Flowers fasciculate in the leaf axils ; 
pedicels slender, in fruit 5 to 16 mm. long, glabrous. Fruits subglobose, about 
1 cm. in diam., obscurely costate, glabrous. Persistent calyx lobes 4, unequal, 
suborbicular, 2.5 to 3.3 mm. long, broadly rounded, the margin ferruginous- 
puberulent. 

9 

Mexico — yucatan : olf Piste-Yokdzonoot road,, in advanced deciduous 
forest, July 11, 1938, C. L. Lundell & Amelia A. Lundell 786f) (type in the 
University of Michigan Herbarium), a treelet, 4 m. high, bark white and 
smooth, fruits subglobose, dark red; near Telchac, in scrub on low sand 
dunes, July 25, 1938, Lundell & Lundell 8111, a treelet, about 2 m. high; 
near Yokdzonoot, in advanced deciduous forest, July 14, 1938, Lundell & 
Lundell 7927, a treelet, 3 m. high, 4 cm. in diam., vernacular name sacloh. 

The leaves of numbers 7927 and 8111 are somewhat wider and the pedi- 
cels shorter than in the type. The affinity of E. leptopa is with E. Lundellii 
Standi. 

Eugenia ovatifolia Lundell, sp. nov. Arbor parva, ramulis subadpresse 
rufo-puberulis. Folia petiolata, subcoriacea, pallida, ovata vel ovato-ellip- 
tica, 6-9.8 cm. longa, 3-5.8 cm. lata, apice subabrupte subacuminata, acu- 
mine obtuso, basi late rotundata. Inflorescentiae axillares, racemosae, densi- 
florae, rachidibus ad 5 mm. longis. Pedicelli parce puberuli, ad 3.5 mm. longi. 
Petala late elliptica, ca. 3.2 mm. longa, parce ciliolata. Fructus subglobosus, 
verrucosus. 

A small tree, about 4 m. high, 7.5 cm. diam. ; branchlets rather stout, 
compressed at the nodes, at first subsericeous with short subappressed rufous 
hairs; branches glabrous, terete, becoming whitish. Petioles stout, canalicu- 
late, 3 to 6 mm. long, subsericeous. Leaf blades subcoriaceous, pallid, at 
first sparsely sericeous along the costa on both surfaces, glabrous early, ovate 
or ovate-elliptic, 6 to 9.8 cm. long, 3 to 5.8 cm. wide, apex subabruptly short 
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acuminate, the acumen broadly obtuse, base rounded and slij^htly decurrent, 
costa impressed above, prominent beneath, primary veins 7 or 8 on each side, 
prominulous on both surfaces, veinlets laxly reticulate. Inflorescence axil- 
lary, short racemose, the racemes fasciculate, crowded, the rachis up to 5 
mm. loiijy, usually only 2 to 3 mm. lonj^, bractlets rufous-pubescent. Pedi- 
cels sparsely puberulent, up to 3.5 mm. lonj?. Calyx tube glabrous, scarcely 
1 mm. long; lobes 4, minute, unequal, broadly rounded, 0.4-0.8 mm. long, 
rufous-ciliolate. Petals broadly elliptic, about 3.2 mm. long, sparsely ciliolate. 
Stamens up to 4 mm. long; anthers with red spot at apex. Fruits subglobose, 
verrucose when young. 

British Honduras: Belize District, Belize-Sibun River road, 1931-32, 
Percy H. Gentle (type in the University of Michigan Herbarium), a 
small tree, about 4 m. high, 7.5 cm. diam., flowers white; on bank of the 
Sibun River, Nov. 15, 1934, Gentle liOt, a tree, 7.5 cm. diam., vernacular 
name blossom berries. 

Eugenia petenensis Lundell, sp. nov. Frutex vel arbor parva, ramulis 
puberulis. Folia petiolata, petiolo puberulo, lamina chartacea, ovata, ovato- 
elliptica, vel lanceolata 3.5-8.5 cm. longa, 2.1-4.3 cm. lata, apice acuminata 
vel subacuminata, acumine obtuso vel obtusiusculo, basi acuta. Flores axil- 
lares, solitarii vel in racemi dispositi. Pedicelli parce puberuli vel glabri, 
6-15 mm. longi. Petala ovato-elliptica, 4 mm. longa, ciliata. Fructus 
globosus, ca. 7 mm. diam. 

An arborescent shrub or small tree; branchlets slender, subcompressed 
at nodes, terete early, iniberulent; branches whitish. Petioles canaliculate, 
puberulent, 1.5 to 4 mm. long. Leaf blades chartaeeous, concolorous, ovate, 
ovate-elliptic, or lanceolate, 3.5 to 8.5 cm. long, 2.1 to 4.3 cm. wide, apex 
acuminate or short acuminate, the acumen usually" obtuse or obtusish, base 
acute, costa and primary veins impressed above, the costa prominent beneath, 
the primary veins prominulous, 6 to 9 on each side, sparsely puberulent 
along the costa, glabrous otherwise. Flowers solitary, short racemose, or in 
leafy few-flowered elongated racemes up to 4.5 cm. long, axillary, the rachis 
sparsely puberulent. Pedicels sparsely puberulent or glabrous, very slender, 
6 to 15 mm. long. Calyx glabrous ; tube scarcely 1 mm. long ; lobes 4, unequal, 
the larger ovate-elliptic, the smaller depressed ovate, 1 to 2 mm. long, ciliate. 
Petals ovate-elliptic, 4 mm. long, ciliate. Fruits globose, about 7 mm. in diam. 

Gttatemala — pet^n: La Libertad, in marginal forest, June 10, 1933, 
C, L. Lundell 3746 (type in the University of Michigan Herbarium), a 
shrub, vernacular name jolteillo; same locality, June 5, 1933, Lundell 3631, 
a small tree ; same locality, bordering an aguada, April 5, 1933, Lundell 2504, 
a small tree. British Honduras: El Cayo District, Cocquericot, Mar. 19, 
1931, H. IL Bartlett 12063, 12064. * 

Yuncker, Dawson, and Youse 5765 from Honduras appears to be refer- 
able here also. E. petenensis is nearest E. eocquericotensis Lundell, but 
differs amply from that species in its solitary or openly racemose* long 
pedicelled flowers. In E. eocquericotensis the racemes are congested and the 
pedicels do not exceed 3 mm. in length. The tw^o species well illustrate the 
transition from solitary axillary flowers to a racemose inflorescence*. 

On the basis of determinations by Mr. P. C. Standley, Lundell 3746 and 
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3631 have been reported as E, vinccntina Krupf & Urban, and Lundell 2504 
as E. xalapensis (H.B.K.) DC. (Carnegie Inst. Wash., Publ. 478: 179. 
1937). 

Sty logy ne perpunctata Lundell, sp. nov. Friitex vel arbor parva, 
glabra. Folia longe petiolata, petiolo marginato, ad 3 cm. longo, lamina 
Integra, membranacea, pellucido-punetata, elliptica vel obovato-elliptica, 10- 
15 cm. longa, 5-7 cm. lata, apice abrupte subacuminata, basi cuneata. In- 
florescentiae terminales, sessiles, ad 6 cm. longae. Pedicelli ad 7 mm. longi. 
Sepala 5, lanceolato-oblonga, ca. 2 mm. longa, minute erosa. Corolla 5 mm. 
longa; petala 5, oblonga, apice oblique emarginata. Fructus 6 mm. diam. 

A shrub or small tree, buds minutely scaly, entirely glabrous otherwise, 
branchlets terete, slender. Petioles marginate, slender, 1.2 to 3 cm. long. Ijea^ 
blades entire, membranaceous, conspicuously pellucid-punctate, elliptic or 
obovate-elliptic, 10 to 15 cm. long, 5 to 7 cm. wide, apex abruptly short 
acuminate, the acumen triangular, less than 1 cm. long, base euneate and 
decurrent, costa plane above, prominent beneath, reticulate veined, the 
primary veins slender, rather conspicuous on under surface, less evident 
above. Inflorescence terminal, bipinnate, sessile, reddish, up to 6 cm. long, 
the flowers umbellate, white, fragrant. Pedicels slender, usually curved, 3 to 
7 mm. long. Sepals 5, united at base, lanceolate-oblong, about 2 mm. long, 
scarious, minutely erose, often obliquely emarginate at apex. Corolla 5 mm. 
long; petals 5, oblong, united at base into a tube 1.5 mm. long, reddish- 
punctate, hyaline, obliquely emarginate at apex. Filaments about 1 mm. long, 
attached near base of tube, the basal third blackish, apparently glandular. 
Anthers 2 mm. long. Berries globose, 6 mm. in diam. 

British Honduras: Stann Creek District, Silk Crass Creek Reserve, in 
second growth (acahual), Sept. 10, 1939, Percy II. Gentle 2930 (type in the 
University of Michigan Herbarium), a small tree, vernacular name pigeon 
berries; Stann Creek Valley, Big Eddy Ridge, in broken ridge, April 8, 
1941, Gentle 3552, a shrub, flowers white, fragrant. 

According to description, S. gnatenialensis Blake is the closest ally. The 
membranaceous leaf blades, the marginate petioles up to 3 cm. long, the 
pedicels usually 4 to 7 mm. long, the minutely erose scarious sepals, and the 
hyaline petals obliquely emarginate distinguish 8. perpunctata. The leaves 
are very conspicuously pellucid-punctate. 8. guatemalensis is described as 
having coriaceous leaves with unmargined petioles 5 to 12 mm. long, pedicels 
only 2 to 3.5 mm. long, entire sepals, and petals obtuse or rounded at apex. 

The vernacular name pigeon berries is applied in British Honduras to 
various plants with small edible berries. 

Matelea stenosepala Lundell, sp. nov. Scandens, caulibus ut petiolis 
pedunculisque parce hirsutis, dense puberulis, et minute rufo-tuberculato- 
puberulis. Folia petiolata, membranacea, ovato-cordata, 5-10.5 cm. longa, 
4.5-7.8 cm. lata, apice abrupte caudato-acuminata, basi cordata, supra 
puberula, subtus puberula ej parce hirsuta. Pedunculi axillares, 2-3 cm. 
longi. Flores subumbellati, pedicellis ad 3 cm. longis. Sepala lineari-lanceo- 
lata, ad 6.5 mm. longa. Corolla atro-rubra, puberula. 

An herbaceous vine, about 2 m. high; stems, petioles, peduncles, and 
pedicels sparsely hirsute, densely puberulent, and covered with minute red 
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bulbous hairs. Petioles slender, up to 6 cm. long. Leaf blades membranaceous, 
slightly paler beneath, ovate-cordate, 5 to 10.5 cm. long, 4.2 to 7.8 cm. wide, 
apex abruptly caudate-acuminate, the acumen narrow, up to 8 mm. long, 
base deeply cordate, primary veins 5 or 6 on each side, slender, densely 
puberulent beneath with intermixed bulbous hairs, sparsely hirsute and 
puberulent above, the minute red bulbous hairs scattered. Peduncle slender, 
2 to 3 cm. long, few-flowered. Bractlets linear, up to 6 mm. long. Pedicels 
filiform, up to 3 cm. long. Sepals linear-lanceolate, up to 6.5 mm. long, with 
outside ijidument like that of pedicels, glabrous within. Corolla dark red, 
almost black, the lobes ovate-lanceolate, 6.5 mm. long, puberulent on both 
surfaces, densely so within. Follicles smooth, with indument like that of 
stems. 

Mexico — quintana roo: Coba, in low second growth, June 27, 1938, 
C. L. Lnndell cfr Amelia A. Lundell 76i8 (type in the University of Michi- 
gan Herbarium). 

Tournefortia belizensis Lundell, sp. nov. Prutex, ramulis hirtellis. 
Folia petiolata, membranacea vel subchartacea, hirtella, anguste cuneato- 
oblanceolata, 9.5-17 cm. longa, 3-4.7 cm. lata, apice acuta vel acuminata, 
basi attenuata, acuminata. Inflorescentiae hirtellae, pedunculatae, cymosae ; 
flores spicati. Calyx 3 mm. longus. Corolla puberula, ca. 6 mm. longa, tubo 
cylindrieo ea. 4 mm. longo, lobis lanceolatis, acutis. 

Erect shrub, 2 m. high, simple or with few branches, branchlets densely 
hirtellous, inconspicuously angled at first. Petioles canaliculate, up to 6 mm. 
long, hirtellous. Leaf blades membranaceous or subchartaceous, persistently 
hirtellous on both surfaces, narrowly cuneate-oblanceolate, 9.5 to 17 cm. 
long, 3 to 4.7 cm. wide, apex acute or acuminate, base narrowly attenuate, 
decurrent, paler beneath, primary veins 6 or 7 on each side. Flowers in 
scorpoid cymose spikes ; spikes 2 to 5 in the inflorescence, up to 10 cm. long, 
hirtellous. Calyx 3 mm. long, shorter than the corolla tube; sepals linear- 
lanceolate, attenuate to an acute apex, sparsely hirtellous. Corolla about 6 
min. long, puberulent outside; tube cylindrical, about 4 mm. long; lobes 
lanceolate, acute, scarcely 2 mm. long. Anthers sessile, inserted at middle of 
corolla tube. Ovary and style glabrous or sometimes bearing a few scattered 
short hairs. 

British Honduras : El Cayo District, El Cayo, in forest on hillside along 
the Macal River, June 18, 1936, C. L. Lundell 6151 (type in the University 
of Michigan Herbarium). 

T. belizensis is closely allied to T. umbellata H.B.K., a species with gla- 
brous leaves. 

University op Michigan 
Ann Arbor, Michigan 
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THIAMINE IN SOME COMMON AMERICAN TREES^ 

P. R. Burkholder and A. G. Snow, Jr. 

The importance of thiamine (vitamin Bi) in metabolism and growth of 
plants and animals has become well established in recent years. Compara- 
tively little quantitative work has been done, however, with the vitamin rela- 
tions of woody plants. Dagys (1936) demonstrated in expanding buds of 
trees the presence of a substance which stimulates cell division in cultures 
of yeast. Enders and Hegendorfer (1941) similarly reported on yeast 
growth factors contained in trees. Growth stimulation of Phycomyces by 
extracts from leaves of many species of trees was described by Schopfer 
(1936). The vitamin Bi content of leaves of several woody species grown in 
sand or soil culture in California was studied by Bonner and Greene (1939) 
with a modification of Schopfer ’s method. These authors claimed that species 
such as Camellia japonica and Dajjhne odora, which are low in naturally 
occurring vitamin Bi, can be stimulated to grow more rapidly by supplying 
synthetic thiamine to their roots. Other investigators have not been able to 
obtain any growth-promoting effects by the addition of synthetic thiamine 
to the roots of many species (Hamner 1940). In view of the widespread bio- 
logical importance of thiamine, further knowledge concerning the occur- 
rence of this vitamin in trees may be of' practical significance for certain 
problems in forest genetics, silviculture, and wild life management. 

DISCUSSION OP METHODS 

Of the known methods available for determination of thiamine in plant 
tissues, one very sensitive and simple quantitative test involves the use of 
the fungus Phycomyces hlakesleeanus. Growth of this fungus is controlled 
largely by the amount of thiamine (Schopfer 1934) or its components, 
pyrimidine and thiazole, supplied in culture media (Robbins and Kavanagh 
1937, 1938a, 1938b ; Bonner and Erickson 1938 ; Bonner and Buchman 1939). 
The Phycomyces assay method measures the cumulative activity of thiamine, 
its two components, and cocarboxylase. All of these are active too in the 
metabolism and growth of higher plants, but animals appear to use only the 
whole thiamine molecule (Harris 1938). It is known also that unidentified 
substances in tissue extracts added to synthetic media may stimulate some- 
what the growth of the fungus in the presence of thiamine (Robbins and 
Hamner 1940). Hence it should be recognized that this biological assay 

method gives only an approximation of the thiamine and related compounds 

• 

1 Joint contribution from Osborn Botanical Laboratory, Yale University, and North- 
eastern Forest Experiment Station, New Haven, Conn. 
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contained in tissues. However, the reliability of the method has been tested 
by Bonner and Greene (1939) who reported that known amounts of thia- 
mine added to ground leaf tissue could be recovered quantitatively in the 
Phy corny ces test. 

In our experiments it was found that thiamine added to preparations of 
plant material, such as elm buds, etc., could be recovered. The accuracy with 
which the method allowed recovery of synthetic thiamine from media con- 
taining extracts of tissues varied somewhat among the species of trees se- 
lected for study. The recovery from extracts of some species, such as sugar 
maple, was very inefficient. It appears that growth-inhibiting substances as 
well as growth-promoting factors must be recognized in evaluating result* 
obtained with the Phycomyces method. Some of the difficul1»ies encountered 
in using the method have been emphasized earlier by Sinclair (1938). 

The methods used for determining the approximate thiamine activity of 
buds, leaves, and bark of trees at different seasons of the year are essentially 
those which were reported in an earlier paper (Burkholder and McVeigh 
1940). For each analysis approximately 100 mg. of fresh tissue were weighed 
rapidly on a dampened analytical balance, and ground fine in the acid nutri- 
ent solution with a glass mortar and pestle. The nutrient solution containing 
the ground tissue was placed in 125 ml. Erlenmeyer flasks plugged with 
cotton, and autoclaved at 15 pounds for 15 minutes. Inoculation was made 
from a pure spore suspension of Phycomyces. After growing at 20° C. for 
10 days dry weights of the washed fungus mats were determined. By refer- 
ence to standard growth curves obtained with the fungus cultivated in a 
series of synthetic nutrient solutions with known amounts of thiamine, the 
approximate thiamine activity of the samples of tissue was estimated. 
Although it seems probable that most of our estimated data may be some- 
what too high because of the growth-stimulatory factors other than thiamine 
presumably supplied by the tissues, it is thought that the assays possess com- 
parative value. Replications during sampling made it possible to determine 
the statistical significance of the data according to the methods of Fisher 
(1936). 


RESULTS 

Inhibition of Growth of Phycomyces. Preliminary experiments with 
Phycomyces blakesleeanus indicated that growth of the fungus is inhibited 
by addition to the culture medium of materials from certain deciduous trees. 
Extracts from species such as Querctis alba and Acer saccharnm produced 
particularly strong inhibitiqn of growth. A comparative study was then 
made on the effects of ground leaves of sugar maple, Maryland Mammoth 
tobacco, and Marglobe tomato upon growth of Phycomyces in the basal 
medium containing 10"® M synthetic thiamine. Three replications of each 
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treatment were made and after growth for 10 days the response of the 
fungus was determined by measuring the dry weight of the mats. The 
amount of fresh tissue added to each culture flask varied from 25 to 800 mg. 
Controls were run with no tissues added to the basal medium. 

Some of the results obtained in these experiments are shown graphically 
in figure 1. Increasing the supply of ground tissues of these particular vari- 





Fio. 1. Influence of increments of ground fresh leaf tissue of Maryland. Mammoth 
tobacco, Marglobe tomato, and sugar maple on growth of Phiicomiices in nutrient solution 
containing synthetic thiamine. Sugar maple inhibits gro^vth of the fungus. Fio. 2. 
Thiamine activity in needles of four white j)iiie trees sampled on March 15, April 30, and 
October 11, 1941. Significant differences occur among the individual trees and at different 
times. Fig. 3. Thiamine activity in needles and buds of wdiite pine trees sampled on 
March 15, 1941. Significant differences occur between needles and buds of trees number 
1, 3, and 6, but not in tree 7. Fio. 4. Distribution of thiamine in bark of white pine 
branches sampled along the upper and lower sides at 5 levels from tip to base on May 7, 
1941. 

eties of tobacco and tomato exerted no deleterious effect on growdi of the 
fungus, but actually brought about some increase in dry weight. In contrast 
with cultures containinsf these tissues, the addition of even small amounts of 
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leafy material from sugar maple greatly reduced the dry weight of the 
fungus. It is obvious that the simplified Phyconiyces assay for thiamine can 
not be employed for tissues of all kinds of plants. It seems probable that 
unidentified substances present in leaves of sugar maple may be responsible 
for inhibition of growth of Phycomyces. There is some evidence to indicate 
growth-inhibiting substances also in buds of Norway maple and in species 
of oak. No evidence of such inhibitory action was found in red maple or any 
of a number of other species of trees. 

Stimulation of Growth of Phycomyces by Extracts from Evergreen 
and Deciduous Trees. Studies were made on the thiamine activity of 
needles, buds, and bark samples taken from a number of selected^ 12-year-old 
white pine trees in North Branford, Connecticut. The purpose of the investi- 
gations was to obtain some indication of the occurrence of the vitamin in 
dilferent parts of evergreen trees, the possible variation among different 
individual trees of the same species, and the extent of fiuctuation in vitamin 
content at different times during the year. Approximately 100 mg. of fresh 
needles, bark, or buds were used for each assay. 

Investigations of individual variation in white pine involved the sampling 
of 10 different trees which are being used as source material for establishing 
clones by vegetative propagation. The results of assays on the vitamin Bi 
content of fresh needles of four of these trees are reported here to in^licate 
the nature of the variations found in response of Phycomyces to this conifer- 
ous material. A more extensive report on growth habits and distribution of 
thiamine in these trees is planned for a later paper. Needles of the last sea- 
son ’s growth were collected from three branches of 1937 origin on each tree, 
and after thorough mixing three random samples were taken for replicate 
assays. The calculated values for thiamine in the needles of trees number 1, 
3, 6, and 7, sampled March 15, April 30, and October 11, 1941, are indicated 
in figure 2. Trees 1 and 3 were richer in thiamine than were 6 and 7. These 
four examples represent the ri(*.h and poor types in the group of 10 trees 
studied. It appears that in those trees which showed a higher content of thia- 
mine in early spring the vitamin content increased considerably during the 
growing season. Trees 1 and 3 showed significant increases in vitamin from 
March through April to October, but trees 6 and 7 exhibited little or no 
significant increases with advance of the summer season. It must be admitted 
here that any correlation of thiamine content with growth and general vigor 
of the trees must await further study. 

On October 11, 1941, two grams of fresh leaf material from each tree 
were oven-dried at 70° C. and weighed to allow the calculation of thiamine 
on a dry weight basis. Since it was found that the dry matter was in all the 
samples taken about 42 per cent of the fresh weight, it would seem to make 
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little difference whether the thiamine values are expressed on the basis of 
the fresh or dry weight of tissues from these trees. 

Determinations of thiamine in the buds of the trees were made on March 
15, 1941. A comparison of the data for needles and buds is presented in 
figure 3. In trees 1, 3, and 6, the vitamin was far more abundant in the buds 
than in the leaves, but in tree number 7 there was little significant difference 
between the values for the two regions. 

On May 7, 1941, the distribution of thiamine in the 1-, 2-, 3-, 4-, and 5- 
year-old bark of three white pine trees was determined with 3 replicate 
samples from each region selected from both the upper and lower sides of a 
5-year-old branch. The averaged data are shown graphically in figure 4. A 
gradient in vitamin distribution exists in the upper side of the branches 
ranging from a high concentration in the 1-year-old bark taken from near 
the tip of the branch downward to the 5-year-old portion of the branch. 
This significant trend in the upper side was not found in the lower side of 
these same branches. Just what meaning the data may have for growth and 
development is not clear. The facts do indicate the need for careful sampling 
technique in any attempt to analyze the vitamin distribution in trees. 

The buds and leaves of eight species of deciduous trees located on the 
Yale campus were examined for thiamine activity in six different months 
during 1941. Three replicate determinations were made on each kind of 
fresh material assayed on each of six sampling dates. 

The averaged data for estimated thiamijie in buds and leaves of these 
trees are presented in table 1. The values expressed as milligrams of thiamine 

TABLE 1 


Estimaird thiamine (as mg. per leg. fre.<ih in huds and lcave.<t of tree.s sampled at 

different times during W41. The blanks indicate no a.ssays 


Date sampled (1941) 

3/24 

4/18 

5/9 

7/12 

10/12 

11/25 

Buds 

Buds 

Leaves 

Leaves 

Leaves 

Buds 

Aescnlus hippocastanum 

4.4 

4.0 

4.4 

3.0 

5.5 

5.6 

Fag us sylvatica 

6.1 

6.8 

6.4 

4.4 

4.9 


Platanus occidentalis 

4.1 

3.7 

3.7 


2.3 


Acer platanoides 

0.0 

1.4 

2.3 


2.8 


Acer rnbrum 


4.6 

2.8 

3.3 

3.5 

7.4 

TJlmus americana 


3.4 

3.3 

2.9 

3.1 

6.3 

Quercus palnstris 

Cornua fiorida (flowering 

3.3 

0.6 

0.0 


0.0 

3.7 

branch) 

Cornua fiorida (vegetative 

0.6 

0.2 

0.2 

.. . 

2.5 



branch) 

3.5 

1.3 

1.0 




per kilogram of fresh tissues show some variation among the spefcies. The 
assays for Querctis palnstris tended to be low during the summer months. 



426 


BULLETIN OP THE TORKEY CLITB 


[VOL. CD 


A few determinations made on Q, alba produced very little p^rowth of Phy~ 
comyces. As mentioned above, it seems probable that unidentified substances 
in the oaks and some maples interfere with the assay by inhibiting growth 
of the fungus. Leaves and buds from flowering branches of Cornua florida 
also permitted but little growth of the fungus as compared with the vegeta- 
tive shoots from another tree of the same species. The data indicate in gen- 
eral a widespread occurrence of thiamine in the buds and leaves of trees at 
different seasons of the year. The buds of red maple and elm contained 
larger amounts of the vitamin in the fall than when tested in the spring. 
The values in general agree well with biological assays on certain woody 
plants as reported by Bonner and Greene (1939). 

» 

Distribution of Thiamine in Ringed Trees. Some preliminary experi- 
ments were performed to determine whether removing a ring of bark from 
trees would influence the distribution of thiamine. Young trees of basswood, 
red maple, and white pine were girdled by removing a ring of bark from 
the lower portion of the main trunk. The bark was assayed for thiamine at 
the time of ringing. After the lapse of from 1 to 4 months samples of the 
bark just above and below the ring were assayed. 

Five 3-year-old white pine trees were ringed on March 15 and tested 
again on April 30, 1941. After the girdling operation depletion of the vita- 
min was greater above than below the ring at this season of the year. It is 
suggested that perhaps some form of thiamine or its precursors stored in the 
plant body aided in maintaining a comparatively high value for a while in 
the bark. Unfortunately the plants perished before assays could be made in 
midsummer. 

Two small trees of red maple growing in the greenhouse were ringed on 
March 24. After one month somewhat more of the vitamin was found in the 
bark below than above the ring. After 4 months, however, there was five 
times as much vitamin above as below the ring. The values after four months 
were as follows : bark above the ring, 5.7 and 3.5 ; and below the ring, 0.8 
and 0.9 mg. per kg. Two basswood trees about three inches in diameter were 
ringed on March 15. At the time of ringing the bark assayed 1.0 and 0.9 mg. 
per kg. of fresh tissues. About four months later (on July 12) the deter- 
minations were as follows : bark above the ring, 5.4 and 4.2 ; and below the 
ring, 0.8 and 1.0 mg. per kg. 

Prom the data on white pine and red maple it seems that a short time 
after ringing a tree in early spring, the amount of vitamin per unit of fresh 
bark is depleted less rapidly below than above the ring. In contrast to this 
temporary condition the data obtained with ringed basswood and red maple 
: suggest that after a longer time impedance of transport downward from the 
leaves may result in accumulation of vitamin in the bark just above the ring. 
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Bonner (1940) has reported the inhibition of transport of thiamine 
across zones of tomato stem which had been killed by steam. Presumably the 
supplies below the ringr in a girdled tree are finally almost completely ex- 
hausted. Possibly gfirdled trees may ultimately die not alone from food star- 
vation but from extreme depletion of vitamins necessary for the roots. 

SUMMARY 

The approximate thiamine activity as indicated by the Phycomyces assay 
of buds, leaves, and bark of some common American trees was studied at 
different seasons of the year. 

Significant differences in stimulation of Phycomyces by extracts of tis- 
sues were found among individuals of white pine, between the needles and 
buds, and at different levels in the bark of these trees. 

Both buds and leaves of sugar maple and white oak inhibited growth of 
Phycomyces in nutrient solutions to which had been supplied amounts of 
synthetic thiamine more than enough for normal growth of the fungus. 
Crude extracts from such species cannot be assayed for thiamine with the 
simplified method. Extracts from red maple and many other trees had no 
such inhibitory influence. 

The buds and leaves of several species of deciduous trees sampled at 
different seasons of the year showed varying degrees of effectiveness in pro- 
moting growth of Phycomyces, 

In the bark of young trees girdled in early spring, less thiamine activity 
was found above than below the girdle after 4 to 6 weeks. After about four 
months, however, substances showing thiamine activity accumulated in the 
bark above the ring probably as a result of inhibited translocation down- 
ward from the leaves. It seems possible that girdled trees may ultimately 
die from vitamin starvation of their root systems. 

Osborn Botanical Laboratory, Yale University 

AND 

Northeastern Forest Experiment Station 
New Haven, Connecticut 
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AN ISOLATED COLONY OF PLANTS ON A 
GLACIER-CLAD MOUNTAIN 

William S. Cooper 

In late July, 1940, Mr. and Mrs. Bradford Washburn and three com- 
panions made the first ascent of Mt. Bertha, a difficult peak of the Fair- 
weather Range in the Glacier Bay National Monument, Alaska. In the course 
of their climb they found patches of vegetation growing in such inhospitable 
situations that they made collections and later submitted them to me. The 
set comprises 15 species. Only four are first reports for the Glacier Bay 
National Monument,^ but because of the conditions under which they grew, 
and the occurrence of certain species far from their previously known ranges, 
the collection is of very specdal interest. 



Eio. 1. Mt. Bertha from the southeast. Crosses mark some of the higher spots where 
collections were made. Aerial photograph by Bradford Washburn. Fio. 2. A patch of 
vegetation on the southeast ridge of Mt. Bertha at 5000 tt. Lutkea pectinata and Lupinus 
nootkatensis are distinguishable. Photograph by Bradford Washburn. 

The altitude of Mt. Bertha is 10,182 ft. It constitutes a bastion projecting 
eastward from the mass of Mt. Crillon, 2500 ft. higher, which stands upon 
the main divide between Glacier Bay and the ocean. The mountain itself is 
largely sheathed with ice and snow (fig. 1). Everywhere around it are glacier- 
clad peaks; the intervening valleys are occupied by nev6 and ice-streams. 
Particularly noteworthy is the Brady Ice Field, 30 miles long and 5-10^ miles 
wide, which partially surrounds Mt. Bertha on the east and south. The 

1 Previous lists for the area have been published by the writer ; The seed*-plant8 and 
ferns of the Glacier Bay National Monument, Alaska. Bull. Torrey Club 57: 327-338. 
1931. Additions to the flora of the Glacier Bay National Monument, Alaska, 1935-1936. 
Bull. Torrey Club 66: 463-456. 1939. 
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shortest distances to lowlands bare of snow in summer are westward to the 
vicinity of Crillon Lake, 14 miles, and northward to Johns Hopkins Fiord, 
12 miles. Very high mountains here intervene, and the latter inlet became 
free of its trunk glacier only within the last half century. To Geikie Inlet, 
tributary to lower Glacier l^ay, the distance is 17 miles. Two centuries ago, 
when the basin of Glacier Bay was completely filled with ice,^ distance to 
unglaciated areas northward and eastward was 40-50 miles. 

The plants ^vere collected along the crest of an eastward-projecting spur, 
mainly on the south exposure, at altitudes ranging from 4100 to 6000 ft. 
They grew on small patches of gravel between ledges. Some of the higher 
localities wdiere specimens were gathered are indicated by crosses on figure 
1. At the time of collection the rocks in this vicinity were somewhat barer 
than is shown in the picture, which was taken two weeks later, after a heavy 
fall of snow. The growing season here is six weeks at the most. 

The list of species collected is given below, and comments concerning 
taxonomy and individual ecology are added. Specimens have been deposited 
in the herbarium of the University of Minnesota. 

Lycopodium selago L. Plants of normal size and character. A typical 
member of the heath-mat community which is widespread above limberline 
and occasional below, even to sea-level. 

SiLENE ACAULis L. Normal. A common pioneer on gravels, mainly above 
timberline but occasional even at sea-level. ^ 

Saxipraga bronchialis L. Moderately dwarfed. This and the two follow- 
ing inhabit rock crevices and similar habitats below timberline. They are 
not characteristically alpine. 

Saxifraga punctata L. One-third to one-half the average height at 
lower altitudes. First report for National Monument. 

Saxipraga tricuspidata Rottb. Normal size for Alaska specimens. 

Lutkea pectinata (Pursh) Kiintze. A characteristic member of the 
heath mat. Basal leaves small, short-stalked, in crowded rosettes; stem leaves 
abruptly reduced, very small. 

Lupinus nootkatensis Donn. Very much dwarfed. A typical lowland 
plant, abundant in various meadow communities, where it grows to a height 
of at least 3 feet. The highest point where this species was found was at 
5000 ft. 

Epilobium latipolium L. Dwarfed. Leaves and flowers one-half to two- 
thirds the size of lowland specimens. 

Phyllodoce glanduliplora (Hook.) Coville. Normal except that leafy 
stems are very short. A characteristic heath-mat species. 

PoLEMONiUM HUMiLB Willd. Somewhat dwarfed, leaflets smaller than 

2 Oooper, W. S. The problem of Glacier Bay, Alaska: a study of glacier variations. 
Geogr. Rev. 27: 37-62, 1937. A map accompanying this paper shows the location and 
surroundings ^ Mt. Bertha. 



1042] 


COOPER: ISOLATED COLONY OP PLANTS 


431 


average, pubescence more abundant, especially in inflorescence. An appar- 
ently delicate plant of the subalpine forest. First report for National 
Monument. 

Campanula lasiocarpa Cham. Plant normal in heij^ht (^-2 inches) ; 
flower larj 2 :er than normal. A characteristic alpine species. 

Antennaria isolepis Greene. 

Antennaria media Greene.-* In studyinjy the small set of three individuals 
of Antennaria, my first assumption was that they were all A. borealis Greene, 
which I have collected frequently at low altitudes around Glacier Bay and 
Prince William Sound. It turned out, hoivever, that according to the treat- 
ments by Greene'* and Malte'’ (the only pertinent ones) two species are repre- 
sented, neither beinjr A. borealis. These two, moreover, have ranges distinct 
and far-separated so far as known, both very distant from Glacier Bay. 

A. media is a cordilleran hi*rh-mountain species ranj^ing from the central 
Sierras north to southern British Columbia and eastward to Glacier Park 
and the Wasatch Mountains. The nearest known stations to Glacier Bay are 
Mt. Arrowsmith, Vancouver Island, and Griffin Lake, near Revelstoke, 800 
and 900 miles distant respectively. The specimens match very perfectly the 
abundant material in the herbarium of the University of Minnesota. They 
are pistillate plants, as is also the sinjrle specimen of A. isolepis. 

A. isolepis ranj»:es “from Labrador and northern Quebec to Keewatin and 
perhaps farther west.^’** The sinpfle individual checks perfectly with Malte’s 
description and with tw^o specimens from the Tomcat rejrion from collections 
cited by ^lalte. The nearest known authentic localities are near the west 
coast of Hudson Bay, 1400 miles distant from Mt. Bertha. Polunin,® however, 
mentions a somewhat doubtful specimen from Mt. Selwyn, B.C. (lat. 56° N, 
lonfj. 123° 30' W), which is only 500 miles from Mt. Bertha. 

It is of course true that the rejrions lyinj? between Glacier Bay and the 
known ranges of the two species have been very inadequately explored. It is 
rather start liiifr, however, that a cordilleran and an arctic species should first 
be detected in the far northwest perched in close company upon a lofty ridjre 
surrounded by miles of f^laciers ; in a region, moreover, that has enjoyed a 
fair amount of botanical exploration, at least at low altitudes. 

Hieracium gracile var. minimum A. Nelson. Two inches in height; nor- 
mal for the alpine variety. 

SoLiDAGo MULTiRADiATA var. SCOPULORUM A. Gray. Two inches in height ; 
normal for the alpine variety. 

3 I wish to thank Drs. F. K. Butters, C. W. Bharsmith, and J. W. Moore for assi^tanee 
in identifying this interesting pair of species. 

^Greene, E. L. Studies in the Compositae: Some northern species of Antennaria. 
Pittonia 3; 273-289. 1898. New species of Antennaria. Pittonia 4: 81-85. 18i99. Some 
Canadian Antennnrias. Ottawa Naturalist 25: 41-43. 1911. 

s Malte, M. O. Antonnarias of arctic America. Bhodora 36: 101-117. 1934. 

0 Polunin, Nicholas. Botany of the Canadian eastern Arctic. Nat. Mus. Canada Bull. 
92 (Biol. Series 24). 1940. 
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The collection is admittedly incomplete, and therefore an adequate char- 
acterization of the plant community is impossible. Mr. Washburn makes one 
suggestion, however, that is significant. He writes that ‘Hhe flowers occurred 
in little patches of anywhere from two or three feet to fifteen or twenty feet 
long. Some of these patches were typical ‘turf -banked terraces^; others were 
sunny spots sheltered by surrounding loose rocks or ledges’’ (see figure 2). 
The turf was from two to three inches thick. This suggests the presence of 
minute samples of the characteristic alpine mat of southeastern Alaska. Three 
of the species collected are typical members of that community : Phyllodoce 
glandiUiflora, Lutkea pectinata, and Lycopodium selago. Four others are 
definitely arctic-alpine: Silene acaulis. Campanula lasiocarpa^ and the two 
Antennarias. The remaining eight are not characteristically alpine. Two 
species, Lupinus nootkatensis and Polemonium humile, the first ordinarily 
found in sea-level meadows, the second in moist sheltered spots in the sub- 
alpine zone, seem particularly out of place among these snowbanks. Al- 
though dwarfed, they appear otherwise normal and healthy. In general, the 
subalpines are more or less dwarfed while the characteristic alpines are 
normal in size. 

Two questions present themselves: How did these plants reach their 
present position, and how long have they been there? Six species, 
Lycopodium selago, Epilohium latifolium, Hieracium gracile, Solidago muL 
tiradiata, and the Antennarias, have disseminules more or less well fitted 
for transportation by wind. These might perhaps have been wafted over 
the 15 miles or more of ice fields separating them from possible sources. The 
others have small seeds, except Lupinus nootkatensis which has large, heavy 
ones. Wind transportation of small .seeds across the neve of the Brady Ice 
Field, perhaps by repeated jumps, with a final lift to the slopes of Mt. Bertha 
by violent ascending air currents, is conceivable. The entire trip, however, 
would have to be completed between the time of seed ripening and the onset 
of winter snow; otherwise, in this region of tremendous snowfall, hopeless 
burial would take place. 

If the barriers to migration appear formidable today, they were even more 
so two centuries ago, when the whole area tributary to Glacier Bay was 
buried under ice. The gathering of this diverse assemblage of species in so 
limited and isolated a spot, under present conditions or worse, even granting 
a century or two for the process, and particularly in view of the presence 
of a turf mat, the development of which is a slow process, puts a serious strain 
upon the imagination. 

A much more easily tenable hypothesis is that there has been a continuous 
plant population high on the slopes of the mountain for a very long time, 
and that it arrived during a period when glaciation was considerably less 
extensive than now, when easy migration routes led from the lowlands to the 
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upper slopes, and when areas suitable for alpine vegetation were more 
widespread in the immediate vicinity. 

A period of this character has been demonstrated for the Glacier Bay 
region. The glaciers in their retreat are still uncovering the remains of forests 
which existed when the ice fields were considerably less expanded than they 
are today.^ The cause of glacier contraction was presumably the onset of 
climatic conditions relatively unfavorable to snow precipitation and pres- 
ervation — of comparative warmth or dryness or both. It was followed by 
return to conditions favoring glacier expansion, which have persisted into 
recent time. 

This sequence agrees with the post-Pleistocene climatic history that has 
been tentatively worked out for northern North America in general and for 
northern Europe as well. The scheme, whose formulation is due principally 
to von Post, postulates a period of comparative warmth and dryness in mid- 
post-Pleistocene time followed by a return to conditions moderately cool 
and moist. There is North American evidence for it from a number of 
independent fields, which has been summarized by several writers.^ The his- 
tory of the plant population of Mt. Bertha here suggested may be fitted into 
this s(*heme with no contradiction of known facts. 

It is natural to assume that other similar isolated colonies exist. Mr. 
Washburn, who has seen more of the higher parts of the Fair weather Range 
than any other person, has found none there. From the 8t. Elias Range, 
however, he reports small patches of flowers very similar to these about 
thirty miles from timber on a little rock island | in the ice fields] Dr. P. K. 
Butters has seen patches of alpine plants inhabiting high ridges in the Sel- 
kirks surrounded by miles of snow fields. A particularly interesting case is 
the finding of Loiseleuria procumbens in such a situation — this being its 
only recorded occurrence in the Selkirk Mountains. It is quite possible that 
directed search would show that such isolated colonies are by no means rare 
among glacier-clad mountains* 

A final suggestion; if these colonies have held on in isolation through 
several thousand years of glacial rigor, is it not equally believable that similar 
ones may have survived on nunataks through one or even more of the con- 
tinental ice floods of the Pleistocene ? 

Department of Botany, University of Minnesota 
Minneapolis, Minnesota 

7 Cooper, W. S. The problem of Glacier Bay, Alaska : a study of glacier variations. 
Geogr. Rev. 27: 37-62. 1937. 

8 Sears, P. B. Glacial and postglacial vegetation. Bot. Rev. 1; 37-51. 1935. Gain, 
S. A. Pollen analysis as a paleo’ccological research method. Bot. Rev. 6; 627-654, 1939. 
Elseley, L. O. Pollen analysis and its bearing upon American prehistory a critique. 
Amer. Antiquity 6: 115-139. 1939. Cooper, W. 8. Vegetation of the Princ*e William 
Sound region, Alaska ; with a brief excursion into post-Pleistocene climatic history. Ecol. 
Monogr. 1?: 1-22. 1942. 
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A NEW TETRAPLOID WHEATGRASS FROM NEVADA 

Joseph H. Robertson and Lloyd Weaver^ 

A jrroup of extremely lar^e plants of Agropyron spicatuni (Pursh) 
Scribn. and Smith, has been observed {?rowin^ near the Paradise Valley Sub- 
station, Intermonntain Forest and Raiifre Experiment Station, four-and-onc- 
half miles west of the town of Paradise Valley in Humboldt County, Nevada. 
These plants were first noticed during the summer of 1940. The associated 
species are all of normal stature and include the following:: Artnnisia tri~ 
dentata, Piirshia tridentata, Elymus condensatus, Bromus iecttfvnm, Stipa 



Fig. 1. A tetraploid phint (left) and a normal plant (in hand) of Agropyron 
8picatu7n, and a clump of Elymutt condnimtus (right). Paradise Valley, Nevada, October 
1940. U. 8. Forest Service Photo. 

thurheriana, Agropyron spicatum, Astragalus whitedii, and Balsamorhiza 
sagittata. This community occupies an irregular area of some 10 square 
rods on very fine sandy loam sloping gently to the southeast toward Lamance 
Creek. 

So robust are the large plants of Agropyron that casual observation failed 
to distinguish them frqm the giant wild-rye {Elymus condensatus) preva- 

1 Jr. Range Examiner, Intermountain Forest and Range Experiment Station, Forest 
Service, U. 8. Dept, of Agriculture, Ogden, Utah ; and Assistant in Botany, Osborn Botan- 
ical Laboratory, Yale University, New Haven, Connecticut, respectively. 
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lent in the community 1). In nearly all macroscopic characters the 
giant form is approximately twice as large as plants of the normal variety 
growing on the same site '( table 1). 

TABLE 1 

Comparative meaHuremrnts* of gross characters of normal and giant varieties of 
Agropyron spicatum near Paradise Valley, Nevada 


(Character Normal Giant 


Dijniictcr of bunch, range 15-30 cm. 8-74 cm. 

Height of culms, average 60 cm. 120 cm. 

Leaf width,*’ average 2.8 mm. 7.0 mm. 

Leaf length,** average . .. 16.5 cm. 34.5 cm. 

Ratio; Leaf length to Avidth 58.9; 1 49.3; 1 

Tiougth of spike, average 11.5 cm. 18.7 cm. 

Length of spike, range 5-18 cm. 10-23 cm. 

Length of spikelet,** average 16.8 mm. 23.6 mm. 

Dry weight,** herbage 35 gm. 77 gm. 

Percentage seed germination, 1941 24 0 


® Although no basis for statistical comparison is available, these data were obtained 
from 5 representative plants of each form, and are believed to be unbiased and to 
represent real differences. 

** Widest portion of third culm leaf below the spike. 

Same leaf as the preceding. 

** Spikelets at center of spike ; awns excluded. 

** Bunches of ecpial diameter, 15 cm. 

Despite its greater size and yield per plant, the value of the giant variety 
as a range forage plant is not established. No viable seed was produced by 
either the giant or the normal variety in 1940. In spite of apparently favor- 
able rainfall in 1941, only seed of poor quality was obtained from the normal 
Agropyron ttpicaium, while that from the adjacent giant plants was entirely 
nonviable (table 1). It does spread by short, stout rhizomes, and the presence 
of bunches of various diameters is evidence that occasional crops of viable 
seed have been cast. 

In October 1940, a bunch was divided and the cions potted in the green- 
house at Ogden, Utah. Some of the greenhouse material was sent in March 
1941 to the Osborn Botanical Laboratory of Yale University for study. This 
study consisted of chromosome counts of mitotic figures in root tips and a 
comparison of sizes of stomata and epidermal cells of the leaves. 

Root tips of the giant Agropyron were fixed in CRAF solution, embedded 
in paraffin, sectioned, and stained by means of the Peulgen reaction. 

Mitotic figures were not numerous in the root tips, but enough polar 
views of metaphase plates were present to make possible eight chromosome 
counts. In addition, a number of figures showed an indefinite number of 
chromosomes; in all cases more than 14 chromosomes were distmguishable. 
Of the eight cells mentioned above, one clearly contained 28 chromosomes 
(fig. 2). and the other seven showed from 21 to 25 with the probability of 
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additional ones in places where chromosomes were coiled about one another 
in such a way as to make definite identification of individuals impossible. 

Peto* recognized the chromosome number of A, spicatum as 2n = 14. The 
occurrence of 28 somatic chromosomes in root-tip cells of the large plant, 
supplemented by identification of the form as A. spicatum at the Bureau of 
Plant Industry in Washington, D. C. (U. S. Nat. Herb. No. 90907), as well 
as by Dr. Bassett Maguire of the herbarium at the Utah State Agricultural 
College, Logan, Utah, seems sufficient to establish the fact that the giant is 
a tetraploid form of A. spicatum. 

Blakeslee and Warmke"* and others have used gross and semi-microscopic 
morphological characters such as larger pollen grains in 4n flowers, larger 



Fig. 2. Polar view of mitotic metapliase from a root tip of the giant Agropyron 
spicatum. Approximately x 2500. 

4n seeds, larger stomata, leaves increased in width and thickness, larger size 
of floral parts, and shorter, stouter fruits as criteria of polyploids. In this 
species, however, no significant difference was found in size of stomata of 
the tetraploid as compared with the diploid. An examination of table 1 shows 
a pronounced decrease in ratio of length to width of the tetraploid leaves. 
Spikelets are larger than on the diploid form, and the entire inflorescence is 
appreciably larger in the giant form. 

Interspecific hybridization as a means of origin of new Agropyron species 
is discussed by Peto (1930), who cites instances of natural hybridization be- 
tween A. cristatum and A. repens var. glaucescens in Russia and between 
A. junceum and A. repens in Denmark. The hybrids mentioned were similar 
in form to entirely different species of the genus. It is barely possible that 
the giant form here discussed is such a hybrid. This hypothesis is supported 

2 Cytological studies in the genus Agropyron. Canad. Jour. Res. 3: 428-448. 1930. 

3 Sise of seed and other criteria of polyploids. Science 88: 440. 1938. 




1942] 


ROBERTSON AND WEAVER: NEW TETRAPLOID GRASS 


437 


by the limited distribution, scant seed production, and the frequent presence 
in the giant plants of short rhizomes which occur only rarely in A. spicatum. 
That the gigantism may be an extreme case of hybrid vigor, however, seems 
extremely improbable. A. repens is the only 42-chromosome member of the 
genus believed to be present in the locality. Fertilization of 7-chromosome 
A. spicatum eggs by 21-chromosome pollen of A. repens or vice versa would 
result in a hybrid with 28 chromosomes, but it seems hardly possible that 
such a hybrid would possess only one important characteristic of A, repens, 
namely the presence of more vigorous rhizomes, while all other parts, though 
larger, were distinctly and unmistakably those of the other parent. 

In considering the lack of definite evidence for hybridization as com- 
pared with the occurrence of distinctly tetraploid morphological characters 
and the double number of chromosomes, it seems most likely that this giant 
wheatgrass is a tetraploid form of A. spicatum. 

U. S. Department of Agriculture, FoRFi^T Service 
Ogden, Utah 
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A NEW GENUS OF RUBIACEAE FROM MEXICO 

Maximtno MariInez 

In September, 1941, Miss Marian Storm, author and enthusiastic admirer 
of the Mexican flora, brought to my attention a shrub which grew in the 
region of Uruapan, Michoacan. This plant, with its brilliant scarlet-red 
flowers has long been a favorite of the people of the region and is locally 
known as Ayuque. Because of the condition of the original material, no satis- 
factory identification of it could be made. A former student of mine, Sr. 
Emilio Zamudio, was therefore commissioned to collect material sufficient 
for its further study. The specimens were refractory and did not yield 
characteristic examples with the usual methods of preparation. As a con- 
seciuence, it was necessary to devise special techniques for their preservation. 
Ample material, preserved in formalin, was also made available. 

Collections of both flowering and fruiting material, made over a period 
of several months, lead me to the conclusion that the Ayuque represents 
not only a hitherto undescribed species but also a new genus of the Kubi- 
aceae, closely related to Cosmibuena and Blepharidium. The follo\^dng ]$lw 
genus and species are therefore proposed: 

Balmea Martinez, gen. nov. Flores peiiduli ; sepala 5, lobis linearibus, 
subpersistentibus ; corollae tubus fere cylindricus, lobis ovatis; stamina infra 
faucem corollae inserta, filamentis planis, antheris dorsifixis, fusiformibus ; 
eapsula erecta; seminis ala indivisa. 

Typus : species una mexicana, Balmea siormae. 

Balmea stormae Martinez, sp. nov. Frutex omnino glaber, 5 (4-7) m. 
altus, ramis ascendentibus, basi 15-20 cm. diam. ; lignum fere albidum. cor- 
tice 5-10 mm., epidermide chartacea, lutescenti, paiillo violacea; ramiili tor- 
tuosi, glabri, fulgentes, cinerascentes ; folia petiolata, opposita, apice ramu- 
lorum conferta, stipulata, crassiuscula, fulgida, flexibilis, siccitate opaca, 
aspera, laevis; lamina foliorum ovata, apice breviter acuminata, base ro- 
tundata vel plus minusve late cordata, 9-13 cm. longa, 6.5-11 cm. lata, Inte- 
gra, utrinque glabra; petiolus 2.5-4 cm. longus, supra canaliciilatus, ruber, 
subtus convexus, viridis, tandem violaceus; nervi claro virides, interdum 
rubro-violacei, basi subtus subelevati ; stipulae interpetiolares, ovato-acumi- 
natae, crassiusculae, interdum papyraceae, caducae, 10 mm. longae; inflo- 
rescentia terminalis, cymosocorymbosa, pendula, laxa, multiflora (usque ad 
13-flora), trifurcata vel bifurcata, pedunculo communi 5.5 cm. longo; flores 
hermaphroditi, nocte fragrantes ; corollae tubus fere cylindricus, glaber, 22- 
28 mm. longus, basi leviter attenuatus, rubro-coccineus, dein purpureus, 
limbo 5-fido, stricte contorto, lolbis ovatis vel rotundatis, reflexis, 10 mm. 
longis ; sepala 5, linearia, expansa, luteo-viridia, subpersistentia ; stamina 5, 
cum corollae lobis alternantia, antheris bilocularibus, subsessilibus, introrsis, 
longitudinaliter dehiscentibus, filamentis liberis, brevibus, planis, 4 mm. 
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lon^is; ovarium obloiiguin, inferum, bilocuilare, sepalis ooronatum, ovulis 
numerosis ; stylus crassiusculus, glaber, rubro-violaeeiis, 20-23 mm. longrus, 
2-sulcatus, apice davatus, bificlus; eapsula ()vali-oblon{»:a, bisulcata, bival- 



Fiqs. 1-6. Balmea stormae, Fio. 1. Flowering branch Fios. 2, 3, 4. Corolla. 
Fig. 5. Stamens. Fig. 6. Fruit. 

vata, chartacea, junior pendula, maturitate erecta ; placentae longitudinales, 
2-lamelIatae, septo adnatae ; semina numerosa, parva, ascendenti^, imbricata, 
alata, ala reticulata, indivisa, 3.5-4 mm. longa. 

Floret Augustus-October ; semina matura in Decembri vidi. 
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Habitat in Palo Verde, Pedregales de Jiealan et San Pedro, prope Urua- 
pan, Michoacan, Mexico. 

Typus {Martinez 3400) in Herb. Instituto de Biologia, Mexico; Isotypi 
in Herb. Smithsonian Inst., Gray, Field Mus., Arnold Arboretum, Missouri 
Bot. Gard., New York Bot. Gard., Univer. Calif., Kew. 

A shrub 4-7 meters hig:h, glabrous throughout, branched from below, the 
individual stems basally 15-20 cm. in diam. Bark smooth, 5-10 mm. thick, 
greenish purple, peeling olf in irregular thin shreds; wood hard, whitish. 
Branchlets irregular, grayish, sublustrous, showing very clearly the marks 



Figs. 7-11. Balmea stormae. Fig. 7. Cross section of the style. Fig. 8. Pollen. 
Fig. 9. Cross section of the interior of the ovary. Fig. 10. Cross section of the anther. 
Fig. 11. Seed. 


of the petioles. Leaves clustered at the ends of the branches, petiolate, stipu- 
late, opposite, broadly ovate and shortly acuminate, the base obtuse or 
slightly cordate, entire and deciduous, somewhat fleshy, smooth and flexible, 
light green and lustrous, the nerves slightly prominent only at the base and 
underneath, the blade 9-13 cm. Jong, 6-11 cm. wide, the petiole canaliculate 
above, where it is red. or purple, below convex and greenish; when the 
weather is exceptionally dry the color spreads to the whole petiole and to the 
nerves. When dry the leaves turn dull, thinner and somewhat rough. Stipules 
interpetiolate, triangular, acutish, reddish, slightly fleshy when young, 
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papyraceous and yellowish when old, 10 mm. lonj?, caducous with the growth 
of the leaves, leaving a clear mark on the branchlet. Inflorescence terminal, 
in corymbose cymes, pendulous, in groups of 9-13 flowers, the main peduncle 
bi- or trifurcate. After the corollas fall and with the ripening of the fruit, 
the pedicels twist upwards and the capsules remain erect. The common pe- 
diinele is 5-5 cm. long and the pedicels 2 cm. long. 

Flowers hermaphrodite, gamopetalous, scarlet-red, tinged with purple 
and, when fully open, dark purple. They are sweet-scented at night. Calyx 
with 5 linear sepals, yellowish or greenish, 8-10 mm. long, persisting some 
time after the falling of the corolla. Corolla soon deciduous, its tube 22-28 
mm. long, subcylindric, a little narrowed at the base, at first red but soon 
turning purplish; lobes 5, subovate, entire, imbricate, overlapping to the 
right (when the lobes open they become reflexed and the overlapping ap- 
pears to be to the left). Stamens 5, alternate, inserted near the mouth of the 
tube. Anthers fusiform, 9-10 mm., included, the tips visible but not exerted, 
bilocular and valvate. Filaments short and flat, 4 mm. long. Style the same 
color as the corolla, 20-23 mm. long, marked with two opposite furrows. 
Stigma bilamellate. Ovary inferior, oblong, marked on each side with a su- 
ture, bilocular, with the placenta adnate to the septum ; ovules numerous. 
Capsule erect, oval-oblong, 23-28 mm. long, opening at the apex in two fol- 
licle-like portions; epicarp papyraceous; seeds numerous, imbri(*ated length- 
wise, with a reticulate wing 3.5-4 mm. long. 

The shrub flowers from August to October and the capsules are vi\)e from 
December to January. Habitat in Palo Verde, the Pedregales de Jicalan and 
San Pedro, near IJruapan, Michoacan; in dry stony places. 

The genus is named in honor of Professor Juan Balme, able student of 
ornamental plants (to which the Ayuque is certainly an addition), and the 
species in honor of Miss Marian Storm, an enthusiastic collaborator in vari- 
ous of my botanical works. 

I also wish to express my appreciation for kind assistance to Dr. F. 
Miranda, P. C. Standley, C. V. Morton and to Sr. Manuel Ornelas C. to 
whom 1 am indebted for the illustrations. 

Morelia 61 

Mexico, D. F. 
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A NEW GENUS OF THE ANACARDIACEAE FROM COLOMBIA^ 

Fred A. Barkley 

The author is indebted to Dr. E. P. Killip for the speeimeii on which this 
g:enus is based. It was sent with the notation that it mij?ht prove to be a new 
genus and this was borne out by a study of the specimen. 

This tree grows in the dense forests in the mountains of Colombia. The 
pith is thick, similar to that of Rhus. The branches are densely puberuleiit, 
as are the leaves and inflorescences. The flowers have five persistent sepals, 
five caducous petals, five stamens, a prominent disk, and a tricarpellary 
pistil. The fruit is outstanding, being a samara-like drupe remindful of 
Pseudosmodingium but bearing long violet-colored hairs similar to that of 
the fruit of Actinocheita, but limited to the margins of the fruit much as in 
Heliocarpus, 

Jt is known only from the type collection. 

Ochoterenaea-^ Barkley, gen. nov. Arbor; ramis crassis; foliis impari- 
pinnatis; floribus multis in thyrsis ad terminos ramorum brevium later- 
alium ; sepalis 5 persistentibus, petalis staminibusciue 5, pistillo tricarpellato, 
carpello unico fertili; fructu pianissimo, drupa, glabro margine longe pilosa 
excepta. 

Tree ; leaves imparipinnate ; flowers many in thyrsi at the ends oT short 
lateral branches; sepals 5 persistent, petals and stamens 5, disk prominent, 
pistil tricarpellary with one fertile carpel ; fruit a very flattened drupe long- 
pilose along the margin. 

Type species : Ochoterenaea colombiana Barkley, sp. nov. Arbor ad 20 
m. ; ramis crassis; foliis imparipinnatis, foliolis 11-13, lanceolatis, integer- 
rimis; ramis, foliis, thyrsisque pubescentibus; floribus multis in thyrsis ad 
terminos ramorum brevium lateraliuni; sepalis 5 persistentibus, petalis 
staminibusque 5, pistillo tricarpellato, carpello unico fertili; fructii pianis- 
simo drupa, glabro margine longe pilosa excepta. 

Tree to 20 meters ; branches thick ; leaves about 45 cm. long, imparipin- 
nate with 11-13 leaflets; leaflets entire, lanceolate, 11-18 cm. long, 4.5-6 cm. 
broad ; branches, leaves and inflorescence densely puberulent ; flowers many 
in thyrsi at the ends of short lateral branches; sepals 5, persistent, deltoid- 
ovate ; petals 5, caducous, lanceolate ; stamens 5 ; pistil tricarpellary with two 
abortive carpels ; fruit a much flattened drupe, glabrous except for a region 
on and near the margin which is long pilose with violet hairs and except for 
a very few glandular hairs mostly limited to the margin. 

Type: Killip 34772^ dense forest, Rio Digua Valley, between La Elsa and 
Rio Blanco, department El Valle, Colombia, altitude 725 meters, April 2-5, 
1939, inU. S. National Herbarium No. 1771563. 

1 The author wishes to acknowledge assistance from grants from the Penrose fund by 
the Research Committee of the American Philosophical Society in his studies on the 
Anacardiaceae, of which this is a part. 

2 Named in honor of Dr. I. Ochoterena, Director of the Biological Institute of Mexico. 
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Fig. 2. The fruit of Ochoterenaea colombiana with the upper portion of the flowering 
branch. Note bract scars, persistent sepals, prominent disk, and the marginal position of 
the pubescence. x9. Fio. 3. A petal from 0. colombiana. xl8. Fio. 4. A portion of 
the margin of the fruit showing glandular hairs, x 120. Fio. 5. Dissection of the fruit 
of 0. colombiana showing the endocarp, and orientation of the ovule and embryo. x4. 
Fio. 6. A flower of 0. colombiana with throe petals and three stamens removed, x 18. 

Specimens are deposited or will be distributed as follows : Ciencias Nat- 
urales, Bogota; British Museum, London; U. S. National Herbarium, Wash- 
ington (two sheets) ; and in the author’s Herbarium. 

Department of Botany, Montana State University 
Missoula, Montana 
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NEW AND CRITICAL EUPHORBIACEAE CHIEFLY FROM THE 
SOUTHEASTERN UNITED STATES 

Leon Croizat 

Three new speeies of Croton L. and one of Ma7iihot Mill, are recorded 
in this paper for the flora of south-western Texas. A fourth species of Croton 
]j. is described from Sonora, Mexico. Lastly, a summary review is ^iven of 
Tetracocciis Parry under which are published three new subgenera and two 
new combinations. The Latin diagnoses required for these publications are 
contained in an appendix at the end of this contribution. 

CROTON L. 

Croton parksii Croizat, sp. nov. A shrub, apparently dioecious. Innova- 
vatiofis stellate-tomentose, d\ill yellow to olivish, tardily glabrescent. Leaves 
reminiscent of the foliage of C. capitatus Michx., 2.5-6 cm. long, 1-2 cm. 
broad, tomentose througliout, grayish underneath, olivish to brownish above, 
mostly elliptic, more or less short-rounded at the tip, roujided at the base, 
with about 6-8 pairs of ascending primaries; petiole not over 1 cm. long, 
slender, tomentose, glands at the lower face of the blade near the insertion 
of the petiole 2, inconspicuous, basal stipules obscure. Inflorescence of coarc- 
tate terminal and lateral thickly flowered axes, the ^ subspicate, sometimes 
tending to be racemose, the $ capitate. Perianth about 8 mm. wide, tomen- 
tose, delicate, on a pedicel not over 2 min. long; petals none; lobes (sepals) 
6, sometimes 5, ovate to obovate, about 3 mm. long, 2 mm. wide, heavily 
ciliate-lanulose, thinly venulose toAvard the center and there greenish; 
androecium of about 10-15 stamens inclosed within a disc of 5 conspicuous 
glands each approximately set at the base of a lobe. Perianth $ about 5 mm. 
wide, becoming about 10 mm. wide uinler a young fruit, tomentose except 
at the disc and often at the inner face of the lobes, pedicel stoutish about 2 
mm. long; petals none; lobes not delicate, triangular-elliptic, about 2 mm. 
long; disc thin, shallowly cup-shaped under the ovary and slightly broader 
than it; ovary at first appearing heavily tomentose, soon developing scat- 
tered and conspicuous submuricate processes on the epicarp, these heavily 
coated with whitish stellate tomentum, about 2-3 mm. large in anthesis; 
styles 3, free, each 2 mm. long, somewhat irregularly 2-3 times cleft, the 
stylar laciniae forming together a closely matted and involute cluster partly 
immersed within the thick tomentum of the epicarp, somewhat carnose and 
brownish where free ; fruit capsular, 3-coccous, about 8-9 mm. long and as 
many broad, globose ; seed more or less globular, large for a species in this 
affinity, about 7 mm. long, 6 mm. broad, the caruncle contiguous with the 
hilum and produced into a short process just above it, broadly spreading 
to cover the entire upper end of the seed, the aril smoothish, coarsely nettled 
by spots and streaks of black and whitish on a background of brown and 
hazel hues, the raphe thin but conspicuous, the chalaza located on the ventral 
face of the testa within a small depression, the testa (scraped free from the 
aril) apparently smooth ; columella after dehiscence about 7 mm. long, trans- 
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versely expanded to about 4 mm. ; dehisced cells about 9 mm. lonj^, the endo- 
carp firm, horny, the epicarp fairly thin, finely veined at the inner side when 
free from the endocarf). 

Holotype: 11, B, Parks sji., Sutherland Springs, Texas, Oct. 1936 ($ 
specimen). Flowers described from //. B. Parks s.ii., same locality and 
date (Gray Herbarium). 

The following collections belong here: (1) H, B. Parks s.n,, Ingleside, 
San Patricio Co., Texas, Oct. 1936; (2) H. B. Parks s.n.. Flour Bluff, Nueces 
Co., Texas, Oct. 1936; (3) V. L. Cory s.n.. Padre Island 26 miles south of 
Port Aransas, Texas, Nov. 1940. 

A strong species easily distinguished from every other in its affinity but 
nearest to C. tejrensis Muell.-Arg., from which it differs in the larger capsule 
and seed, in the outstanding murication of the epicarp, in the riiore heavily 
tomentose leaves. Specimens past fruiting are identified by the stoutness and 
breadth of the columella. Croton mnricatns Nutt., as shown by the classic 
specimens in the herbarium of the New York Botanical Garden, is not this 
species but a synonym of C. tcxensis, 

Croton parksli belongs to Croton sect. Drepadenium Muell.-Arg., which 
is one of the few natural groups in the classification of Croton as treated by 
Mueller. The distribution of this section has unusual interest. Its type, 
C. punctatus Jacq., ranges from Venezuela to Virginia as a plant of the 
sea-shore. Other species (C. texensis Muell.-Arg., C, californicns Muell.-Arg. 
and the segregates in its vicinity, C, neomexicanus Muell.-Arg., C. gracilis 
H.B.K., C. luteo-virens Woot. & Standi., C. jxi^ksii Croiz.) range inland 
from Texas to northern Mexico and California. This distribution suggests 
that the ancestral forms in this complex were plants of the shore, as C. pnnc- 
tatus still is, which speciated adapting themselves to changed surroundings 
when the waters withdrew or evaporated in land-locked basins in parts of 
the ancestral range. The background of this evolution is almost certainly 
Tertiary if not early Tertiary, there being no lack of evidence that the 
generic lines of the Euphorbiaceae were drawn at the closing of the Cre- 
taceous. Distributions and speciations of the same order as those character- 
istic of the C. punctaius group are in evidence among certain euphorbiaceous 
aggregates in Argentina and Central Asia. 

Croton coryi Croizat, sp. nov. A shrubby perennial. Innovations thickly 
and coarsely hispid-tomentose, grayish to olivish, tardily glabrescent. Leaves 
verticillate at the apex of the branchlets, 3.5-5 cm. long, 1.5-2 cm. broad, 
elliptic-lanceolate, round-acuminate at the tip, rounded to subtruncate at 
the base, coarsely tomentose to hispid-pannose, olive nearly the same on both 
fac.es, with about 7-8 pairs of sharply ascending primaries scarcely visible 
under the indumentum ; petiole 1.5-2.5 cm. long, hispid, glands apparently 
none. Inflorescences about 4r-6 cm. long, spicate, $ capitulate, with a cen- 
tral spieate axis and apparently past bloom when the 5 flowers enter 
anthesis. Perianth ^ delicate on a pedicel about 3 mm. long ; petals ligulate. 
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hyaline, about 3 mm. lonj? and wide; lobes (sepals) triangular-lanceolate or 
elliptic-lanceolate, about 3 mm. long and 1.5 mm. wide; androecium of 
about 15 stamens, the filament 4 mm. long, the anthers about 0.75 mm. long ; 
glands usually 3, irregularly arranged, alternating with or opposing the 
lobes. Perianth J very delicate, hyaline in texture; petals none; lobes 5 
apparently fairly even, ligulate to sublinear, entire, with a thin thickened 
green midrib, about 7 mm. x 1 mm., becoming connate at base into the cup 
of the perianth, this sometimes bearing processes between the lobes; disc 
very thin, inconspicuous; ovary about 4-5 mm. large, somewhat ovoid- 
truncate, the endocarp slightly carinate at the upper end of the keel; styles 
3, free, about 2 mm. long, each twice cleft, softly villous; seed about 3 mm. x 
2 mm., ovoid, pointed at the upper end, the aril smooth, brownish with 
blackish and whitish irregular mottlings more numerous on the dorsal than 
on the ventral face, the caruncle apical, grayish, arrow-shaped, cleft in front. 

lIoLOTYPE: T". L. Cory s.n., Padre Island, 26 mi. south of Port Aransas, 
November 1940 (Arnold Arbor.). 

This is one of the peculiar endemics of Southwestern Texas. T am unable 
to state at this time which are its nearest affinities. Although it suggests 
(\ capiiai\is Michx. in the details of its perianths it has a seed unlike any 
known to me in the species of the C. capiiatns affinity. It appears likely that 
the 3 glands of the ^ perianth are abortive stamens, their vasculation bear- 
ing to that of the subtending petal or lobe a relationship similar to that be- 
tween an enation and the laminar body (petal or leaf) from which it arises. 
This (lisi)osition suggests that the ($ perianth is undergoing regression, the 
outer stamens and their immediate appendages tending to fuse more or less 
irregularly and to depart from the normal quinary actinomorphic pattern 
of symmetry. A like pro(‘ess of degeneration is evident in the staminate 
flower of C. parksii, being manifested in this flower by the total elimination 
of the petals and by the more or less variable number of the lobes. The 
irregularly 6-8-lobed J perianth of the species in the affinity of (7. capitatus 
is probably a highly derivative structure arising by the fusion and subse- 
quent reduction of the two normal perianth whorls (calyx and corolla) ; its 
peculiarities are stronglj^ reminiscent of the $ perianth of Jnlocroton, 

Croton albinoides (Ferg.) Croizat, comb. nov. Croton engclmanni var. 
albinoides Ferguson, Mo. Bot. Gard. Kept. 12: 55. 1901. 

Ferguson’s 0. engelmanni is invalid under the International Rules of 
Nomenclature, and must be replaced by C. lindheimeri (Engelm. & A. Gray) 
Wood, based upon Pilinophytnm Imdheimeri. Ferguson credits C. lind- 
heimeri in his synonymy to Wood, Class Book of Botany, 631. 1865. This is 
an oversight; C. lindheimeri was used by Wood four years earlier in Class- 
Book Bot., 631. 1861. 

Thanks to the friendly interest of Prof. J. M. Greenman I have had the 
privilege of inspecting the classic material now preserved in the Iierbarium 
of the Missouri Botanical Garden upon which Ferguson established his 
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understanding of C, capitatm, C. engelmanni, and C. engehnanni var. 
albinoides. Many of these specimens are duplicated in the Gray Herbarium, 
where I have also seen them. I believe that Ferguson is correct in treating 
C, lindheimeri as a species distinct from C. mpHatus, These two entities 
differ both in intanjribles and in characters and can be recojrnized without 
much difficulty by anyone who has learned how to identify them. The fact 
that it is often difficult, occasionally impossible, to determine imperfect 
specimens may not be assumed as a justification for treatiiifr these two species 
as one. 

I find myself in disaf^reement with Ferguson, however, when he attaches 
his var. alhinoides to C, lindheimeri, and this for the very cogent reason that 
the alleged variety differs as much from C. capitafus as it does fVoni C. lind- 
heimeri. Ferj?uson at one time reco^ynized this, too, for he penned a note 
upon the sheet of Heller 1800 in the Gray Herbarium to the effect that ‘^This 
is typical of a very broad leaf form from S.W. Texas that shares (diaracters 
from C. capitatiis and C. engelmanni. It mijxht form a subvariety under 
either. Ferguson Dee. 1897.’’ It stands to reason that if a foi*in is the con- 
necting? link between two others but cannot be brouj?ht under either on 
account of its strong? individuality, either three separate species are involved 
in the complex or only one with two subordinate trinomials : both taxonomy 
and lojric militate ag’ainst two species with one variety beiiif? recojrnized in 
this case. ' 

Ferffuson’s assumption that two species and one variety are involved 
rather than three species can easily be tested studyin*? as a whole the f?roup 
to which belong: C. capitatns and C. lindheimeri. Leavinj? C. alhinoides out 
of the reckoning, the species in this p^roup are at least four — C. eapitatns 
Michx., C. lindheimeri Wood, C. mnelleri Coult., and C. elliottii ('hapm. 
Of these four entities C. elliottii is the one that stands out most sharply 
despite the fact that it occasionally resembles depauperate specimens of 
C. eapitatns. The affinities of C. elliottii lie in the immediate vicinity of C. 
tenuilohus S. Wats. (Mexico), C. pedicellatus H.B.K. (Colombia, Ecuador, 
Peru), C. andinus Muell.-Arj?. (Bolivia, Arjrentina), and their allies in Para- 
guay and Brazil. Accordingly it would seem probable that the C. capitatus 
group has had its geographic and phylogenetic cradle in a geologic region 
now represented by southwestern Texas and that its affinities are to be sought 
with an Andine, i.e., prevailingly alpine element of tropical American flora. 
This, as we have already seen, is not the case with the group of C. punctatus, 
which is essentially Carribean and appears to have speciated from ancestral 
forms living along the strands' of seas and other bodies of water. The fact 
that, as Ferguson notes, C. alhinoides shares its range with C. lindheimeri 
but does not intergrade with it is characteristic of an entity that is already 
individualized and stable. Considering that Pleistocenic segregates of the 
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Euphorbiaceae in Arjj^entina and in Europe are less stable in their morphol- 
o^y than (7. albrnoides (witness the polymorphism of the Euphorbia par- 
tulacoides and Euphorbia esula ^irroups), there is ample justification on 
ji:eneral grounds for interpreting this Croton as better than an occasional 
variety. 

It is commonly understood that the seed furnishes the best characters 
of taxonomic and systematic determination in the Euphorbiaceae. Within 
certain limits I believe this to be true, especially in Croton, Whenever seeds 
are compared, however, a sharp distinction should be made between the aril 
and the testa, which recently (in Darwiniana 6: 449. 1941) I have had 
reason to emphasize. The aril and its appendage, the caruncle, are not laid 
down and fully formed until the seed is ripe. The thickness and color of the 
aril, especially, vary during the evolution of the seed to maturity; unripe 
seeds have thin arils through which the testa is apt to show, but ripe seed 
may be so thickly coated by the aril so as not to show the testa at all. It also 
happens that plants grown under the best conditions may have slightly 
larger seeds than depauperate specimens; the aril itself may be thicker in 
response to edaphic conditions, it being likely that the inore xerophilous 
members of an aggregate have thicker arils. I have unfortunately failed to 
secure fully ripe seed of C, muclleri but I have seen good seeds of C, capi- 
tatus, C. lindheimeri, and C, albinoides. Laid side by side the seeds of these 
four entities form a perfect series, as follows. (1)0. capitatus: seed lenticu- 
lar, 5 mm. long and 5 mm. broad ; aril thick, testa smoothish covered by the 
aril throughout. (2) C. lindheimeri : seed sublenticular, 4.5 mm. long and 
about 4 mm. broad ; aril not very thick, testa finely rugulose-lacunose show- 
ing through the aril. (3) C, albinoides: seed ellipsoid, 4 mm. long and about 
3 mm. broad ; aril not very thick, testa rugulose-lacunose showing through 
the aril. (4) C, muelleri: seed nearly ripe and probably not materially dif- 
ferent from a ripe seed, ellipsoid, 3 mm. long and 2.5 mm. broad; aril not 
very thick, testa as in C. albinoides. These four seeds are illustrated in figure 
1 a, b, c, d, which should be compared with Ferguson's illustrations of the 
seed of C. capitatus (op. cit., pi. 18, 5), C. lindheimeri (as C, engelmanniy 
op. cit., pi. 19, 6), and (7. muelleri (op. cit., pi. 20, 3). Clearly, the characters 
of these seeds are such that there is as much reason to treat C, muelleri as a 
variety of C. albinoides as there is for reducing C. albinoides triiiomially 
under C. lindheimeri. Each of these seeds differs from every other in about 
the same degree, and taken together they bespeak uniform speciation within 
a fundamental consanguinity. In conclusion: four species are involved, 
not three species and one variety. 

The evidence furnished by the seed that four species are actually in- 
volved is confirmed by other characters. The perianth of (7. Imdheimeri 
under a capsule about ready to dehisce is approximately 9 mm. long, while 
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it is fully one-third shorter in a comparable specimen of C. albinoides (fig. 
1 e, f ) ; the lobes are more or less irregular in 0. Undheimeri but nearly or 
quite regular in C. albinoides (fig. 1 g, h). The indumentum of the flowers 
of C. Undheimeri has a marked yellowish or orangish cast, while that of 




i 




FiO. 1. Seed of (a) Croton capilaius Michx.; (1)) C. Undheimeri Wood; (c) 0. 
albinoides Croiz.; (d) C. muelleri Coult. A $ perianth in fruit of: (e) C. Undheimeri; 

(f) C. albinoides (sectioned to show details of the interior). A $ perianth in flower of: 

(g) C. Undheimeri; (h) C, albinoides* All drawings approximately to scale. 

C. albinoides is whitish or grayish ; Ferguson, as a matter of fact, uses the 
color to key 0. Undheimeri out of (7. albinoides (op. cit., 37) as follows : 
‘‘Woolly tomentum of the calyx yellowish. C. Engelmanni Appressed tomen- 
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turn white. C. Engelmanni alhinoides/^ It is true, moreover, that the tomeu- 
tum is fluffier in C. lincihcimeri than in C. alhinoideSy the difference in this 
respect being readily noticeable both in living and pressed specimens. Fergu- 
son, lastly, establishes a definite separation between C. lindheimcri and C, 
albinoides when he states (op. cit., 55-56) that the latter grows with the 
former ‘‘but intermediate forms have not been observed.’’ The range of 
C. albmoides is verj^ pertinently indicated by him as “Southwest Texas and 
northward,” thus localizing the species in southwestern Texas, whence it 
has radiated northward. 

The following collections may be recorded for C. albhwideSy (1) Chandler 
7075y Rio Hondo, Cameron Co., Texas, Sept. 1913; (2) Cory 17059, 7 miles 
north of Sarita, Kenedy Co., Texas, Oct. 1935 ; (3) Runyon 1985, Boca Chica, 
Cameron Co., Texas, Sept. 1938; (4) Cory s.n., Padre Island, 26 miles south 
of Port Aransas, Kleberg Co., Texas, Nov. 1940 (seeds about 5 mm. long, 4 
mm. broad). 

Pax & Iloffmann (in Natiirl. Pflanzenf. 19(c) : 87. 1931) put C. capitaius 
Michx., C. elliottii Chapm., and C. berlandieri Muell.-Arg. under Croton 
subg. Hepiallon (Raf.) Muell.-Arg. 1865. This listing contains several errors. 
Overlooking the lesser ones, such as the crediting of C. berlandieri to Mueller 
Argoviensis rather than to Torrey and the crediting of the subgenus to 
Mueller rather than to l^ax himself, I should remark that, if published in 
1865 or at any time thereafter, Croton subg. Hcptallon is invalidated by 
Croton subg. Pilinophytum (Kl.) A. Cray (Man. Bot., ed. 2, xi, 391. 1856). 
A discussion of the nomenclature of this group in the sectional rank is con- 
tributed by Sprague (Kew Bull. 1929: 82), cited by Pax & Hoffmann. 

Croton subjucundus Croizat, sp. nov. Apparently a small shrub. Inno- 
vations at first thinly gray-tomentulose, very soon glabrous. Leaves 3-5 cm. 
long, 0.5-1. 5 cm. broad, rather thin, drying a dark olive-green on both faces, 
glabrescent, lanceolate, bluntly rounded and mucronate at the tip, cuneate 
to round-cuneate at the base, with about 9 pairs of primaries, the basal 
sharply ascending, the next ones above ascending to broadly ascending, 
margins of the blade entire with few sessile or subsessile glands; petiole 
very slender, 1-2 cm. long, with a pair of glandular-setaceous stipules at 
the tip near the insertion of the blade and a tuft of glandular-setaceous 
stipules on either side at the base. Inflorescence a simple bisexual axis, the 
part seen only immature, apparently short. Perianth immature, not dis- 
sected. Perianth $ when fully spread out not over 5 mm. broad, the triangu- 
lar-acuminate lobes not over 2 mm. long, bearing along their entire margin 
sessile or subsessile glands like those marginal to the leaf ; petals as glands, 
altogether matching those at the apex of the petiole, apparently arising from 
the thin disc, this of 5 more or less connected glands, each gland opposihg a 
lobe; ovary tomentellous to glabrate, grayish, smooth, globose-ovoid, about 
2 mm. long and broad ; styles 3, free, each 2-2.5 mm. long, dissected more or 
less irregularly, usually cleft into three main strips, the 2 lateral subfiliform, 
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the median one larjrer and once again dissected into 2 or 3 branches : seed 
ellipsoid, about 3.5 mm. x 3 mm., 2-3 times shallowly costate, the aril whitish, 
unevenly spread, filling the grooves and thickly covering the sides of the 
seed which appear whitish, elsewhere allowing the light-brownish testa to 
be seen. 

Holotype: Drouet & Richards 3923, Navajoa, Sonora, Mexico, Dec. 1939 
(Arnold Arbor.). 

The holotype was distributed as C. sonorae, which is a patent misdeter- 
mination. Croton suhjucundus is allied with C. jucundus Brandg. and 
C. soliman Schlect. & Cham., these two species being perhaps too close. I have 
carefully compared a good specimen of C, jucundus, which ranges nearest to 
6\ subjucundus in Sonora, with the holotype of my species. Croton jucundus, 
as exemplified by E. Palmer 1489, has a ^ perianth 10 mm. broad, with lobes 
about 5 mm. long, beset by numerous manifestly pedicelled glands, whereas 
C, subjucundus has a perianth barel}^ 5 mm. broad, with lobes about 2 mm. 
long, bearing few short pedicelled or sessile glands. The styles of C. jucundus 
are at least three times as long as those of C. sub jucundus, and its leaves bear 
at the margin many more long-pedicelled glands. It appears likely that the 
range of G. subjucundus is definitely more northern than those of its allies. 

MANIIIOT MILL. 

Manihot walkerae Croizat, sp. nov. Manihot carthagenensis, Muell.- 
Arg. in DC. Prodr. 15(2) : 1073. 1866, quoad pi. Torrey, non Jacq. Jfanipha 
loeflingii Torrey in Emory Kept. U. S, Mex. Boundary Surv. 2 ; 199. 1859, 
non H.B.K. 

A low more or less scandent shrub. Innovations herbaceous, glabrous 
throughout and finely papillose under the lens when dry. Leaves glabrous, 
greenish above, more or less markedly glaucescent beneath, very variable in 
shape and size but essentially palmatilobed and peltate, 5-14 cm. long, 4-11 
cm. broad ; blade normally of 5 lobes around a subcentral peltate part, 1 lobe 
central, 2 lateral, these giving rise each to 1 lobe or lobule on the adaxial 
side; central lobe 3-7 cm. long, 1-3 cm. broad, ovate-lanceolate at the tip, 
scarcely mucronate or setulose, constricted 1-4 times more or less deeply at 
or below the middle, therefore repand pandurate, the lobulets arising by con- 
striction patent, scarcely over 1.5 cm. long; lateral main lobes 2-6 cm. long, 
one occasionally missing, 0.5-3 cm. broad, constricted more or less like the 
median ; lateral secondary lobes 2, arising from the lateral main ones, some- 
times scarcely more conspicuous than lobulets by constriction, 0.5-3 cm. long, 
usually neither lobulate nor constricted ; petiole slender, firm 3.5-8 cm. long, 
the stipules setaceous, inconspicuous. Inflorescence: the part a subspicate 
definite axis, the } flowers practically free from the ^ axis and basal to it, 
each flower usually borne upon its own pedicel, this arising directly or almost 
directly from the stem. Perianth ^ definitely tubular and scarcely inflate at 
the base, borne on a pedicel not over 3 mm. long, the tube about 9-10 mm. 
long in anthesis, apparently inconspicuously streaked, the lobes 5, broadly 
lanceolate, 5-6 mm. long ; stamens 10 (as seen ; 8 described by Torrey) paired 
in the axils of lobulate glands, the filament about 8 mm. long, the anthers 2 
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mm. long. Perianth $ of lobes free to the base, only seen in a young fruit ; 
lobes about 10 mm. long, 2.5-3 mm. broad, ligulate and rather bluntly acumi- 
nate, the disc manifest, bearing a few apparently imperfect stamens, their 
filaments usually persisting up to the fruit-stage; capsule on a pedicel 1.5- 
2.5 cm. long, more or less globose, about 12 mm. large, sparingly but mani- 
festly verruculose and rugose, the 6 sutures (3 commissural, 3 dorsal) mani- 
fest ; seed flattened, about 8 mm. long, 6 mm. broad, smooth, the aril ashen- 
gray with large blackish spots at the sides of the seed, especially on the dorsal 
face ; caruncle large, 2 mm. long, about 4 mm. broad, yellowish, slightly cleft 
and 2-lipped in front. 

Holotype: E. J. Walker (II. B. Parks) s.n., along the lower Rio Grande, 
south of Mission, Hidalgo Co., 1940 (in herb. Arnold Arbor.). 

The type material was collected by Mrs. E. J. Walker of La Joya and 
transmitted by Mr. Parks through Mr. Cory. The two sheets of Schott col- 
lection at the Ringgold Barracks, 1853, seen by Torrey and identified by him 
as Janipha loeftingii and Janipha loeflingii var. yuquilla are now preserved 
in the herbarium of the New York Botanical Garden, bearing Britton’s 
determination, Manihot carthagenensis Muell.-Arg. Janipha loeflingii is an 
invalid renaming of M. carthagenensis, and J. yuquilla is probably little 
better than a leaf-form of the same species. It appears that Mueller Argovi- 
ensis was misled by the erroneous determination of Torrey into bringing the 
Texan plant into the synonymy of the Colombian Manihot where it has re- 
mained ever since 1866. That the species are different is clear, the perianth, 
not to mention other less immediately evident characters, being short and 
inflated in M, carthagenensis, rather narrow and tubular in M, walkerae. 
The resemblance in the foliage is close, however : in certain specimens of M. 
carthagenensis or forms near it (for instance, Seler 2814, Guatemala, 1896) 
the leaf has very much the same aspect and outline of that of the holotype of 
i¥. walkerae and of Schott’s collections. Pax (in Pflanzenr. 44 (iv. 147. ii) : 
81. 1910) does not list nor mention Texan material under iHf. carthagenensis. 
Coiilter, on the contrary, follows the lead of Mueller (Contr. U. S. Nat. Herb. 
2(3) : 400. 1894) and it is on Coulter’s authority rather than on that of others 
that M. carthagenensis has erroneously been received in the flora of Texas. 
Manihot carthagenensis is a critical species which it should be desirable to 
typify as there is no lack of evidence that several species are confused under 
this binomial in tropical America as well as in Mexico. 

In the notes and sketches attached to the Schott specimens Torrey states 
that the stamens vary from 8 to 10 and mentions that some of them are 
longer. Whether this is true or not I may not definitely^ say : I have found 
only 10 stamens without the appearance of a superimposed verticil in the 
few flowers which I have dissected. I have now a plant of M. Walkerae in cul- 
tivation in the hothouse and, should it blossom, it will be possible to verify 
the constancy of the stamens both in number and in length. 



454 


BTTLLETIN OF THE TORREY 


[VOL. (m 


Manihot is a ^enus of g:reat interest to students of carpel lary structures. 
The vasculation of the epicarp arises mostly from the columella, and it 
streams to the epicarp througrh peculiar jjaps between the so called carpels, 
this being: accurately fijrured by Baillon (Etud. Gen. Euphorb., pi. xix, 15. 
1858). There is, moreover, a very strong: indication that abortive stamens 
may enter in the making; of the epicarp of the Euphorbiaceae or, at least, 
may become intimately adnate with it, nuptial nectaries being: found scat- 
tered upon the ovary of Podadenia thwaitesii Muell.-Arg;. and. occasionally, 
of species of Codiaeum A. de Jussieu. 

TETRACOr(UTS ENGELMANN EX PARRY 

Wheeler, I believe, has written the most recent study of TeU'acoccus. In 
this review (Contr. Gray Herb. 127: 50--53. 1939) he eventually concludes 
that Tetracoccuit and Halliophytum cannot be maintained as separate gfenera. 
Unfortunately, this conclusion has no effect, because Wheeler fails to follow 
it by the reductions and transfers which are required to make it taxonomi- 
cally viable. 

In the course of abundant bibliog:raphical and nomenclatural remarks 
Wheeler affirms that Bernardia{f) fasciculafa S. Wats., the basinym of 
Halliophytum fasciculatum Johnst., is a provisional name to be rejected 
under Art. 37 ter of the International Rules of Nomenclature. There is no 
reason for me to take up this affirmation and, even less, to comment upon 
Cook’s more recent declarations on the same subject (in Jour. Wash. Acad. 
31: 51. 1941), because I have dealt with nomina provisoria on two previous 
occasions (Jour. Arnold Arb. 21: 499. 1940; 22: 137. 1941). Since, however, 
it is desirable that the already involved nomenclature of Tetracoccu.^ should 
not be again disturbed by misinterpretations of the Rules, 1 will briefly deal 
with the concept of ‘‘validation” as this may apply to Johnston’s use of 
Bernardia(f) fasciculata as basinym for Halliophytum fasciculatum. 

The animadversions contributed by Wheeler in the cited review and his 
later discussion of the meaning and purposes of Art. 69 (Am. Midi. Nat. 21: 
529. 1939) indicate that his understanding of this Article is not altogether 
clear. Article 69 offers a solution to a fundamental nomenclatural difficulty 
which is the cleverest to be found in the whole body of the Rules. The author 
of this solution fully understood that the recognition of the validity of a 
combination based upon an illegitimate name would conflict with the basic 
principle (Art. 2) that an illegitimate name must be rejected. He realized, 
on the other hand, that the rejection of combinations already effected around 
illegitimate names would disturb the stability of nomenclature which is the 
foremost concern of the Rules (Art. 4). As a way out of this dilemma the 
author of Art. 69 devised the altogether elegant solution of treating combi- 
nations made around illegitimate names as new names. To elucidate, using 
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the example in Art. 69 : TaUnum polyandrum Hook., bein^ illegitimate, could 
not be accepted as the source of Calandrinia polyandra (Hook.) Beiith. 
comb. nov. The specific epithet polyander could be freely used, however, to 
propose Calandrmia polyandra Benth. nom. nov, naturally, so long as no 
other earlier homonym stood in the way of this binomial. In other words : the 
author of Art. 69 decided that the use of an illegitimate epithet in a new com- 
bination justifies merely a change in authorship, not the rejection of the 
binomial. Thus he automatically reconciled the stability of nomenclature 
(Art. 4) with the principle that an illegitimate name must be rejected (Art. 
2). That this is a wise and able solution does not need to be emphasized in 
detail. Fully recognizing the value of the solution offered by the author of 
Art. 69 Rehder has proposed (Jour. Arnold Arb. 20: 276. 1939) that this 
solution be definitely embodied in the text of the Article itself rather than be 
attached, as it were, to its end. I may add that it should be desirable to extend 
to trimonials (Art. 58) the principle that a combination based on an illegiti- 
mate name is a new name. Be this as it may, Johnston had a clear case for 
publishing Halliophytum fasciculatum. This binomial w^ould be treated as a 
new name (Art. 69) in the event that Bernardiai?) fasciculata should prove 
to be illegitimate. It would be treated as a new combination, on the contrary, 
if Bernardia{f) famcnlaia turned out to be a legitimate binomial. Thus, 
nothing more relevant can be involved in Wheeler’s animadversions and dis- 
cussions than the fact whether the correct citation is to be Hallio 2 >hyUim 
fasciculatum Johnst. or II. fasciculatum (S. Wats.) Johnston. Since there is 
not the slightest doubt about Bernardia{f) fasciculata being a legitimate 
name and not a nomen provisorium, the correct citation is Halliophytum 
fasciculatum (S. Wats.) Jolinst., and Tetracoccus fasciculatus (S. Wats.) 
Croizat. 

It is true that Halliophytum is not separated from Tetracoccus by sharp 
generic distinctions. Very few genera of the Euphorbiaceae, as a matter of 
fact, are separated from their nearest allies by conventionally “strong” 
characters, and nothing could be more easily done than to “prove” that 
Mallotns and Macaranga, Andrachne and Phyllanthus, Chamaesyce and 
Euphorbia, Sapium and Stillingia are not all “good” genera. Such a 
“proof,” how^ever, would lead taxonomy nowhere, for it would merely lead 
to the conclusion that since every genus is another genus and every family 
merges wdth some other it is useless to do any taxonomic work at all. 

Tetracoccus and Halliophytum differ in the details of their foliage, in 
certain characters of their capsules, and, which is more important, in the 
arrangement of their inflorescences. If these two genera had been in use for a 
century they would be kept separate today on grounds of tradition and con- 
venience in the same manner as Hooker maintains Glochidion (Pl.^Brit. Ind. 
6: 306. 1887) and Prain upholds Excoecaria (PI. Trop. Afr. 6(1): 1018. 
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1913). Likewise, if these two j?enera had each numerous species or occurred 
in separate rejyions they w^ould be recognized as are Andrachne and PhyU 
lanthus, Mercurialis and Claoxylon, A very strong case indeed could be made 
for maintaining Ilalliophytum if the discovery of Tetracoccus ilicifolius Cov. 
& Gilm. had not introduced a new element in our understanding of the range 
and morphology of this group. We know today what was not as yet known 
to Johnston when he published Halliophytum; the species in this complex 
are few and fall into three rather than only two main groups. We know, 
moreover, that the systematic position of this entire aggregate is peculiar. 
Tetracoccus ilicifolius is reminiscent of Toxicodendron (jlohosum (Gaertn.) 
Pax & Hoffm., a monotype of South Africa, of which it practically has the 
inflorescence. Tetracoccus capensis, on the other hand, suggests the char- 
acters of Sectirinega virgata (Poir.) Maire, endemic to Portugal and allied 
with S. leucopyrus Muell.-Arg., from India, and xV. acicularis Croiz., from 
Central China. It might be inferred from these affinities that the surviving 
American and Mexican oligotypes under Tetracoccus and Halliophytum are 
relics from an aggregate which was originally far richer in diversified forms 
than it is at present, and was closely related with forms which today we must 
accept as unrelated because the connecting links are extinct. Clearly, Tetra- 
coccus and Halliophytum stand at the threshold of a full generic segrega- 
tion, and the latter of these two names must be regarded as a subgenus of the 
other. That Tetracoccus is not congeneric with Hecuririega will be evident to 
anybody who critically studies the two entities. 

In agreement with the previous conclusions, I propose the following 
classification : 

Tetracoccus Engelm. ex Parry in West. Am. Scient. 1: 13. 1885; Pax & 
Hoffm. in Natiirl. Pflanzenf. 19(c) : 74. 1931; Munz, Man. S. Calif. Bot. 282. 
1935; McMinn, Man. Calif. Shrubs 252-253, figs. 286-287. 1939; Wheeler in 
Contr. Gray Herb. 127: 50-53. 1939. 

Bernardm (?) S. Wats, in Proc. Am. Acad. 18: 153. 1883; Brandeg. 

in Zoe 4 : 405. 1894. Non Adans. 

Sectirinega, I. M. Johnst. TJniv. Calif. Publ. Bot. 7: 441-442. 1922; 

Jepson, Man. FI. Plants. Calif. 593. 1925. Non A. L. de Juss. 

Halliophytum I. M. Johnst. Contr. Gray Herb. n.s. 68 : 88. 1923; 

Munz, op. cit. 283 ; McMinn, op. cit. 249, fig. 282. 

Nomenclatural type : Tetracoccus dioicus Parry. 

A. Eutetracoccus Croizat, subg. nov. 

Nomenclatural type of the genus ; monotypic. 

Inflorescence cymose racemes, sometimes leafy or bracteateJeafy. 
Inflorescence $ : flowers mostly single, peduncles and pedicels elongate, per- 
sistent, ultimately woody; capsule hard, sublignescent. Leaves subentire, 
nearly alternate to alternate or fascicled in clusters of few. 

B. Halliophytum (Johnst.) Croizat stat. nov. 

Nomenclatural type: Tetracoccus fasciculatus (S. Wats.) Croiz. 

comb. nov. (Bernardia{t) fasciculata S. Wats. Proc. Am. Acad. 18: 153. 
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1883; Halliophytum fasciculatum Johiist. Contr. Gray Herb. n.s. 68: 88. 

1923. 

Two species in addition to the nomenclatural type, (a) T, hallii Brandejr. 
Zoe 6: 229. 1906; (b) T. capensis (Johnst.) Croiz., comb. nov. {Securinega 
capensis Johnst. Univ. Calif. Publ. Bot. 7: 441. 1922). 

Inflorescence : flowers single or few toirether borne as a rule on brachy- 
blasts. Inflorescence 2 : flowers sinprle or nearly single, peduncles and pedicels 
delicate or, at least, shorter and smaller than those of Siibg. Eutetracoccus; 
capsule small, more or less elongate, firmly coriaceous rather than lignescent. 
Leaves small, entire, fascicled or congested, alternate. 

C. Tetracoccaster Croizat, subg. nov. 

Nomenclatural type: Tetracoccus ilicifolius Cov. & Gilm. in Jour. 

Wash. Acad. Sc. 26: 531. 1936. Monotypic. 

rnflorescence : ractemose or cymose, elongate, the flowers reduced and 
subglomerulate along a main axis. Inflorescence 2 : like that of Eutetracoccus, 
Leaves alternate, subopposite, opposite or verticillate manifestly serrate. 

In closing this brief review of Tetracoccus I must thank Mr. M. F. Gil- 
man, co-author of T. ilicifolius, for his truly inexhaustible patience in sup- 
plying me with pressed specimens, live cuttings, and complete flowering and 
fruiting material of this remarkable species. 

LATIN DIAGNOSES 

Croton parksii Croiz., sp. nov. Fruticulus; foliis tomentosis, C, capU 
iiitum M(*hx. in nientem vocantibus, plerumque ellipticis, 2.5-6 cm. longis, 1-2 
cm. latis, petiolo ad 1 cm. longo. Infloresceiitiis abbreviatis subspieatis vel 
raceinosis, in 2 capitulatis. Perianthio J': petalis nullis, lobis 6(-5), sta- 
minibus 10-15 iiitra discum glandulosum impositis, pedicello 2 mm. longo. 
Perianthio 2 : petalis nullis, lobis triangulari-ellipticis, disco tenui, capsula 
muricata, tomento.sa, ea. 10 mm. magna : semine 7 mm. longo 6 mm. crasso, 
caruncula valida apicem seminis totius obtegente. 

Croton coryi Croiz., sp. nov. Fruticulus, apicibus grosse hispido-tomen- 
tosis. Foliis hispido-tomentosis 3.5-5 cm. longis, 1.5-2 cm. latis, ellipticis vel 
elliptico-lanceolatis; petiolo l,5-2.5 cm. longo. Inflorescentiis subspieatis vel 
capitulatis. Flore delieato, hyalino, petalis sepalisque 5, glandulis ca. 3, 
staminibus ca. 15. Flore 2: Perianthio hyalino, lobis 5, ligulatis ad 7 mm. 
longis, petalis nullis, disco obscuro, ovario 4-5 mm. inagno, stylis 3 liberis 
ca. 2 mm. longis; semine acutato, brunneo-griseo, levi, caruncula apicali 
sagittata. 

Croton subjucundus Croiz., sp. nov. Fruticulus, apicibus griseo-tomen- 
tellis dein glabratis. Foliis lanceolatis 3-5 cm. longis, 0.5-1.5 cm. latis, apice 
abrupte rotundato-mucronatis margine glandulis sessilibus vel subsessilibus 
paucis obsito, venis ca. 9-jugis, petiolo gracili, apice glandulis binis, basi 
glandulis plurimis totis setaceo-glandulosis obsito. Flore c? hand viso. Flore 
2: perianthio 5 mm. lato, lobis triangularibus ad 2 mm. longis, petalis 
glandulosis; ovario ca. 2 mm. magno, stylis 3 liberis 2-2.5 mm. longis, in 

lacinias dissectis : semine ellipsoideo, grosse costato, arillo tenuiore, albicante, 

• 

Manihot walkerae Croiz., sp. nov. Frutex plus minusve scandens, inno- 
vationibus herbaceis. Foliis ^14 cm. longis, 4-11 cm. latis, mire ludentibus. 
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pro more palmatim 5-lobis, peltatis, lobis constrictis vel paiidiiratis. Inflores- 
eeiitia raeemosa, basi Perianthio ^ : tubulari apioe 5-lobato, baud inflate, 
ea. 10 mm. lonjro, 12-16 mm. lato, stamiiiibus ea. 10, binis in axilla j^landulae 
retusae. Perianthio $ ; ad basim partite, 5-lobo, lobis ca. 10 mm. lonj 2 :is sub 
fructu immaturo: disco staminibus paucis onusto; capsula verruculosa, 12 
mm. mafrna, jrlobosa: semine lenticulari 8 mm. lonj^o, 6 mm. late, arillo 
cinereo, maculis nijrris praesertim ad latera dorsumcpie notato. 

Eutetracoccus Croiz., subg. nov. Inflorescentia racemis eymosis, 
interdum foliosis vel bracteato-foliosis. Inflorescentia 5 : floribus plerumqiie 
singulis, pedunculis pedicellis elongatis, lignescentibus, persistentibus ; cap- 
sula dura, lignescente. Foliis subintegris, subalternis vel alternis vel paucis 
fasciculatis. 

Tetracoccaster Croiz., subg. nov. Inflorescentia : racemosa^vel cymosa, 
elongata, floribus diminutis, secum rachidem subglomeratis. Inflorescentia 5 : 
cum ilia Eutctracocci congruente. Poliis denticulatis, iliciiiis. 

Arnold Arboretum, Harvard University 
Jamaica Plain, Massachusetts 

Note : This paper had been typewritten and sent to the editor, when I 
received from Mr. C. T. White, of the I^otanic Gardens of Brisbane, Queens- 
land, Australia, seeds of Petalostigma glabrescens, which I had requested a 
long time ago to effect a comparison with the seeds of Tctracoccns. 

Both the seed of Petalostigma and Tetracoccus have a glossy vitreous 
aril, flesh-colored in the former, nearly brick-colored in the latter, which is 
immediately recognized by those who have once seen it. An evolute caruncle 
also occurs in both genera, the micropyle being reached through a more or 
less tubular opening in the caruncular tissues or folds. The raphe is external, 
that is, it runs through the aril, close to the testa but not within the testa, 
as it does in other Euphorbiaceae, nor under it. The chalaza is fairly well 
marked or well marked, the chalazal vascular plug being manifest. The dif- 
ferences between the seed of Petalostigma and Teb'acoccus, exemplified, re- 
spectively, by P. glahrescens and T, ilicifolius are on the whole of little 
moment. In the former, which is about 8-9 mm. long, the mieropylar end of 
the testa is produced into a thin point, the radicle being practically vertical 
in relation to the longer axis of the seed; in the latter, 4-5 mm. long, the 
radicle is slightly deflexed, and a considerable thinning out of the testa takes 
place under the caruncle. The endosperm is about of the same amount, tex- 
ture and color in the two species. 

The seed of Securinega virosa {Flueggea virosa) departs from the seed 
of r. ilicifolius in the lack of the caruncle and in minor structural details, 
but agrees in other respects, such'as in the presence of an endosperm. A log- 
ical interpretation of these three seeds is that the ancestral form is that of 
Petalostigma, the seed of Tetracoccus being intermediate between that of 
Petalostigma and Securinega, In many respects, Petalostigma is strongly 
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reminiscent of Beyeria and Ricinocarpus, forming with them a group which 
it is possible to tie in phylogeny with the Sterculiaceae of the Keraudrcnia — 
Seringia affinity in a very conclusive manner. 

Since these Sterculiaceae are also very near the probable ancestors of 
Croton it is possible to visualize the following lines of descent: The ancestral 
sterculioid form, derived from the malvoid plexus by a definite fixation of 
the tendeiiey towards apetaly and iinisexuality first appearing in certain 



Fig. 2. Section through seed of Tetracocens ilicifolivs. Fig. 3. Section through seed 
of Petalostigma glahrescena. Fig. 4. Diagnim of ancestral ovule. For explanation see 
text. 

Malvaceae, yields two main streams of evolution, one that moves towards the 
Croton aggregate, the other towards the Phyllanthus group. At the point of 
common origin of these two streams are found Bicinocarpus, Beyeria, Lon- 
getia, Toxicodendron and Petalostigma, Moving further in the direction of 
Phyllanthus we see Pntranijva and Dry petes appear together with Tetra- 
coccus. Next comes Securinega and last Phyllanthus, the largest and the most 
polymorphous of all the genera mentioned. These conclusions substantially 
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agree with those advanced in the previous article to the effect that Tetra- 
coccus is a relic from a group that is less advanced than Phylla7ithus but 
as yet not too far from, and possibly earlier than Sectirinega. 

Figures 2-4 illustrate a section through the seed of Tetracoccus ilicifolius 
(fig. 2) and Petalostigma glahrescens (fig. 3). The fibro-vascular system of 
the funiculus (f) furnishes the raphe (r), which runs within the aril (a) and 
enters the chalaza at the base of the seed passing through an evident opening 
in the testa. The chalazal vascular plug (c.p.) is marked, its branches run- 
ning, as it seems, throughout the inner coat (i.c.). The micropyle is reached 
by the micropylar opening (m.) penetrating the caruncle (c.). It is interest- 
ing to compare this disposition with that of the presumed ancestral ortho- 
tropus ovule (fig. 4), which shows the caruncle as a mere labial efcpansioii of 
the aril closing upon the micropyle. The passage from the anatropous pattern 
of Petalostigma and Tetracoccus to the presumed orthotropus disposition of 
the ancestor is a matter of but slight changes, involving in the main the 
fusion of the funiculus with the opposite wall of the aril as shown in figure 
4 — the funiculus thus becoming in part the raphe (r. |r.]) — and the mold- 
ing of the aril upon the testa to form a single, close structure. Thus the basic 
coats of the seed, aril, testa and inner coat are suggested as enations from the 
torus ending the funiculus. 

This diagram is fundamental for the seed-structures of all the Euphorbi- 
aceae, despite the fact that very great differences are found in their ^^eeds, 
due to various degrees of connation and adnation between the structural 
components of the seed-wall, the evolution or suppression of these compo- 
nents and the location of the seed-reserves within the testa or, apparently, in 
the tissues of the aril. The obturator, as it is well known (Schweiger, Flora 
94 : 379. 1905), does not belong to the seed proper but to the placenta and, 
perhaps, to the margins of the carpels. The caruncle, however, belongs to the 
seed-coat (Schweiger, loc. cit.), as shown in my diagram. 

It will be noticed that the structural premises of the seed of Petalostigma 
and Tetracoccus are practically the same, the anatomic unity of the organs 
in these seeds showing that the peculiar aspect of the aril of these two 
genera has considerable significance as an index of consanguinity. 
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ASA GRAY’S EARLIEST BOTANICAL PUBLICATIONS 

(1833-1836) 

H. W. Rickett and C. L. Gilly 

''north AMERICAN GRAMINEAE AND CYPERACEAE” 

Asa Gray’s first publication was entitled "A catalog:iie of the indigenous 
Floweriiij? and Filieoid plants frrowinj? within 20 miles of Bridgewater, 
(Oneida Co) N. Y.” It appeared in the 46th Annual Report of the Regents 
of the University of the State of New York (Albany, 1833) ; the obscurity 
of this publication may account for the absence of the title from the well 
known bibliography of Gray’s work by Watson and Goodale (Am. Jour. 
Sci. 136 (Appendix) : 1-42. 1888). The catalogue listed 785 species and 5 
varieties in 352 genera. There are no descriptive notes, or introductory state- 
ments; the species are classified in the De Candollean system as modified by 
Lindley. Gray thought he had new species of Scirjnis, Erysimum, and 
Ophioylossum, but did not name or describe them. The catalogue is note- 
worthy for its Cyperaceae; the 60 species of Carex and 11 of Scirpus attest 
his early interest in this group. 

Gray’s second publication in botany^ was a century of exsiccatae accom- 
panied by printed descriptions and synonymy, a title page, dedication, intro- 
duction, and index, entitled North American Oramineae and Cyperaceae, 
Part I. This w’ork, issued early in 1834,^ was supported by subscription. The 
demand exceeded the supply ; later in the year he speaks'* of another collect- 
ing trip to secure specimens for additional sets. That all of the examples 
of a given number were perhaps not collected at the same time may explain 
the fact that some numbers are represented by a mixture of species (see 
below) ; since some were new species, the importance of such facts is evident. 

The sets, at least some of them, seem to have been issued unbound and 
probably unmounted. In June Gray wrote to Torrey:^ "It will be best by 
all means not to trouble yourself in preparing the 2 copies of Gram. & Cyp. 
left with you. I will have them, with several others bound up early in the 
fall.” The labels were printed in two columns on large sheets of paper, with 

1 Between his first two botanical works he wrote, with J. B. Crawe as senior author, 
‘‘A sketch of the mineralogy of a portion of Jefferson and St. Lawrence Counties (N. 
Y.) »» (Am. Jour. Sci. 26: 346-350. 1834). 

2 The date is established by a letter to Torrey, dated 8 May 1834, now in the library 
of the New York Botanical Garden. This letter and others to which reference is made have 
been published in Letters of Asa Gray, edited by Jane Loring Gray (1893). 

3 Letter to Torrey, 9 June 1834. 

4 This is from the letter of 9 June 1834 referred to above. These sentences are writ- 
ten in the margin and are not included in the published version of the letters. 

461 



462 


BULLETIN OF THE TORREY CLUB 


[VOL. 09 


jj^uide lines to show where they should be cut. A bound copy of Part I is 
preserved in the library of the New York Botanical Garden; several addi- 
tional specimens with identical labels are scattered through the herbarium. 
A similar dispersed set is in the Gray Herbarium, and a bound copy is in 
the herbarium of the Philadelphia Academy of Natural Sciences. Other 
bound or dispersed sets are undoubtedly in existence. The paper used for 
mounting the specimens in the New York copy of Part I differs from that 
upon which the labels and introductory matter are printed and appears to 
be the same as that used in mounting contemporary specimens of the Torrey 
Herbarium. 

The second century (North American Oramineae and Cyyeraceae, Part 
11) was issued in 1835'' apparently in much the same form as Part I. A 
complete bound set of this issue of exsiccatae is preserved in the herbarium 
of the Philadelphia Academy of Natural Sciences.^ The paper on which title 
page, index, and printed labels are printed appears to be of the same kind 
as that used in Part I. The printing of both was done by J. Post, Printer, 
101 John Street, New York. A considerable number of separate sheets of 
this second century are in the herbarium of the New York Botanical Garden, 
and other sets are doubtless on file elsewhere. As additional evidence that 
these exsiccatae were issued as loose sets of specimens, and not as bound 
volumes, the mounting paper used in the Philadelphia copy of Part II dif- 
fers from that of the New York copy of Part I, as well as from that onnvhich 
title page, index, and labels were printed. 

The collections were made largely in the pine barrens and on the coast 
of New Jersey and in the central and western parts of New York. A passage 
in Gray^s autobiography^ fixes the dates of his collections in New Jersey as 
1833 and in New York as between 1828 and 1835. 

The principal interest of these sets is that in them new species were 
described, new combinations made, and new names given. Some of these 
had been named by Torrey while preparing his (unpublished) Synoptical 
Flora ; though their authorship is quite clearly indicated by Gray, they have 
been frequently wrongly ascribed to Gray, or sometimes to Torrey with 
erroneous citation of the place of publication. Some of these errors derive 
from the fact that certain authors have not regarded the Oramineae and 
Cyperaceae as a publication ; many of the references to Trinius, when fol- 
lowed up, show that he had access to a set of this work and was one of the 
first to use the names there published (see, for instance, Mnhlenhergia 
sylvatica below). The new species, combinations, and names (principally 

s Letter to W. J. Hooker of 4 April 1835. 

fiWe are glad to acknowledge the courtesy of Dr. F. W. Pennell in making this 
volume available for our examination. 

7 Published in Letters of Asa Gray. 
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nomina nuda), with their present status, and some of the most widely quoted 
erroneous references are listed below. 

ViLFA SEROTINA Torrey in (Jray, N. Am. Gram. & Cyp. 1: 2. 1834 
(based on Agrostis serotina Torrey. 1823), nomen superfluum. Hitch- 
cock (Man. Gr. U. S. 895) includes under Miihlenhergia uniflora (Muhl.) 
Fernald: ^^Vilfa serotina Trin., Gram. Icon. 3: pi. 251. 1830. . . . ^Agrostis 
serotina Nutt. MS.’ ” This was apparently an independent and earlier pub- 
lication of the same name for the same species, based on a different type. 
Both y. serotina Torr. and V. serotina Trin. must be regarded as new names 
rather than as new combinations since both A. serotina Torrey and A. sero~ 
tina Nutt, are latei* homonyms of A. serotina Lam. (1767), a distinct species. 
The Index Kewensis wrongly ascribes V. serotina to ‘‘Torr. ex Trin. Sp. 
Gram, iii, t. 251.’’ 

ViLFA VAGINIFLORA Torrey in Gray, N. Am. Gram. & Cyp. 1: 3. 1834 
(nomeii novum for Agrostis virgmica Muhl. and other authors. Not A. vir- 
ginica L. llo^),-Sporoholus vaginiflorus (Torr.) Wood, Class Book 775. 
1861; so cited by Hitchcock (Man. Gr. U. S. 961). In his Flora of New York 
(2: 438. 1843) Torrey had used the spelling vaginaeflora, which was adopted 
by Wood, and by Britton and Brown (111. FI. ed. 2, 1: 194); the latter 
ascribed the new combination to “Torr.; Wood Classbook 775. 1861.” The 
Index Kewensis has “F. vagini flora Torr. ex. Trin. in Mem. Acad. Pctersb. 
Ser. VI. Sc. Nat. v. ii. (1840) 56.” 

ViLFA LONoiFOLiA (Torrey) Torrey in Gray, N. Am. Gram. & Cyp. 1: 4. 
1834 (based on Agrostis longifolia Torrey, FI. IT. S. 1: 90. 1823). Hitchcock 
(Man. Gr. IT. S. 958), under Sporoholus asper (Michx.) Kunth, attributes 
this name to “Torr.; Trin., Mem. Acad. St. Petersb. VI. Sci. Nat. 4: 107. 
1840.” In the Index Kewensis, the place of publication is similarly stated. 

Muhlenbergia sylvatica (Torrey) Torrey in Gray, N. Am. Gram. & 
Cyp. 1: 13. 1834 (based on Agrostis sylvatica Torrey, FI. U. S. 1: 87. 1823). 
This is recognized as a valid name by Hitchcock (Man. Gr. U. S. 894) but 
with the erroneous citation: “Torr.; Trin. Mem. Acad. St. Petersb. VI. Sci. 
Nat. 4: 292. 1841.” Trinius has “M. sylvatica Torr.! Synop. Flor. Ined.” 
Britton and Brown (III. FI. ed. 2, 1: 186), in synonymy under M, umbrosa, 
give the place of publication as “Cat. PI. N. Y. State 188. 1840.” 

Agrostis miciiauxii var. laxiflora (Michx.) Gray, N. Am. Gram. & Cyp. 
1: 17. 1834 (based on Trichodium laxiflorum Michx. 1803). This combina- 
tion is not listed by Hitchcock in the Manual ; Trichodium laxiflorum Michx., 
however, is included in the synonymy of Agrostis hiemalis (Walt.) BSP. 
(Man. Gr. U. S. 781). 

Calamagrostis coarctata (Torrey) Torrey in Gray, N. Am. Gram. & 
Cyp. 1: 19. 1834 (based on Arundo coarctata Torrey. 1823). Hitchcock 
(Man. Gr. U. S. 820), under Calamagrostis cinnoides (Muhl.) Barton, has 
^^Calamagrostis coarctata Torr.; Hook., FI. Bor. Amer. 2 : 240. 1840. Pre- 
sumably based on Arundo coarctata Torr. Published as new in Torr., FI. 
N. Y. 2 : 444. pi. 151. 1843. Based on A. coarctata Torr.” In both the Hooker 
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and Torrey publications cited by Hitchcock, the combination is correctly 
cited. The Index Kewensis ascribes C. coarctata to “Torr. FI. N. York, ii. 
444 .’^ 

Calamagrostis expansa Gray, N. Am. Gram. & Gyp. 1: 20. 1834. Hitch- 
cock (Man. Gr. U. S. 820) accepts and correctly cites this species. In the 
Index Kewensis, the citation is “A. Gray, ex Torr. PI. N. Y. ii. 445. t. 152 
[1843].’’ Britton and Brown (111. PI. ed. 2, 1: 210) refer the species to ‘‘A. 
Gray; Torr. FI. U. S. 2: 445. 1843.” 

Panicum xanthophysum Gray, N. Am. Gram. & Gyp. 1: 28. 1834. 
Hitchcock (Man. Gr. IT. S. 916) rejrards this as a g:ood species and cites it 
correctly. The Index Kewensis has ‘'A. Gray, Man. Bot. N. U. S. St. ed. 1. 
613. [1848.] ” Britton and Brown (111. PI. ed. 2, 1: 158) refer jt to ‘‘Ann. 
Lyc. N. Y. 3: 233. 1835.” 


Panicum nitidum var. crassifolium Gray, N. Am. Gram. & Gyp. 1: 30. 
1834, nomen nudum. Hitchcock (Man. Gr. IT. S. 913) under Panicum 
sphaerocarpon Ell., ascribes this variety to “A. Gray; Doell, in Mart., FI. 
Bras. 2: 247. 1877.” Doell (l.c.) attributed the variety to Asa Gray, pro- 
vided it with a brief description, but said that it was a different species. 
Whether this can be said to “validate” Gray’s nomen nudum is debatable. 

Gyperus mariscoides var. setipoltus Torrey in Gray, N. Am. Oram. & 
Gyp. 1: 75. 1834, nomen nudum.® This varietal name, though cited by Torrey 
in synonymy under C. grayii (FI. N. Y. 2: 342. 1843), has apparently never 
been provided with a description. ' 

Eriophorum polystachion var. tenellum (Nutt.) Torrey in Gray, N. 
Am. Gram. & Gyp. 1: 91. 1834 (based on E, tenellum Nutt. 1818). Pernald 
(Rhodora 7: 87. 1905) jrave the correct citation for this combination, but 
erroneously attributed it to Gray. 

Panicum nitidum var. villosum Gray, Gram. & Gyp. 2: 111. 1835. This 
should probably be regarded as a new name. In the synonymy of this num- 
ber Gray cites, “P. pubescens. LanPk, Enc. Meth, IV. p. 748? MuhL Oram, 

p. 116?’’ 

Panicum nitidum var. angustifolium (Ell.) Gray, Gram. & Gyp. 2: 
112. 1835 (based on P. angnstifolhim Ell. 1816). This is obviously based on 
Panicum angustifolium Ell. although Gray made a double error in the cita- 
tion of the name-bringing synonym: “P. angustifolium Trin. Gram. Panic, 
p. 223.” On this page only two specific names appear: P. lancearium Trin. 
(which is the second synonym cited by Gray for the specimen now under 
discussion) and P. clandestinum L. It would seem quite logical to assume 
that the “223” of Gray’s citation is merely a typographical error for 234, 
on which page P. angustifolium^T&ll. is mentioned; and that in accrediting 
the species P. angustifolium to Trinius he was merely following the common 

8 Those who still recognize the distinctions made in the ‘‘American Buies of 1907 
will regard this and several other names here listed as hyponyms rather than nomina 
nuda. 
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practice of that day, of referring to a publication at hand which contained 
a description of a species originally published by another author. Except 
for the glabrous leaf sheaths, the specimen of no. 112 in the Philadelphia 
copy of Part II matches the description of P. angustifolium given by 
Trinius. 

Urachne canadensis (Poir.) Torrey in Gray, Gram. & Cyp. 2 : 114. 1835 
(based on Stipa canadensis Poir. 1806). This specific name, included in 
synonymy under Oryzopsis canadensis (Poir.) Torr. by Hitchcock (Man. 
Gr. U. S. 897), is accredited by him to ‘^Tor. & Gray;^’ also, although he 
correctly cites the place of publication, the date is given as “1836.” In the 
Index Kewensis the citation for this name is “Torr. & Gray, ex Trin. & 
Rupr. l.c. v(1842) 17 [Sp. Gram. Stip.J.” Examination of this publication 
reveals that Trinius and Rupreeht attributed the name to “Torr. & Gray! 
Gram, et Cyp. exsicc. (1836) n. 14,” and cited it only as a synonym. 

Triticum repens var. qlaucum Gray, Gram. & Cyp. 2 : 128. 1835, nomen 
nudum. So far as we can determine the variety has never been d^cribed. 

Carex pensylvanica var. muhlenberqii Gray, Gram. & Cyp. 2 : 163. 
1835 (nomen novum for C, varia Muhl. ex Wahl. 1803). Mackenzie (N. Am. 
PI. 18: 194. 1935) cites this name in synonymy under C. communis as fol- 
lows: Carex pennsylvanica var. Muhlcnbergii A. Gray (N. Am. Gram. 163, 
1835) ; Torr. Ann. Lye. N. Y. 3: 410. 1836. (As to plant described only.)” 
The specimen on sheet 163 of the Philadelphia copy of Part II agrees with 
Mackenzie's conception of C, communis, 

Carex oligocarpa var. latifolia Gray, Gram. & Cyp. 2 : 178. 1835, 
nomen nudum ; Torr. & Gray in Torr. Ann. Lyc. N. Y. 3 : 415. 1836. Macken- 
zie (N. Am. FI. 18; 250. 1935) cites this name in synonymy under C, laxU 
culmis as follows: Carex oligocarpa var. latifolia A. Gray (N. Am. Gram. 
no, 178 ex. syn. 1835); Torr. Ann. Lyc. N. Y. 3 ; 415. 1836. (Type from 
Watertown, New York.)” The variety was described (Ann. Lyc. N. Y. 3 : 
415. 1836) as follows: “. . . in this variety (C. oligocarpa var. latifolia, 
Gray, Oram, d; Cyj). part 2. no. 178) the leaves are usually glaucous, the 
spikes more densely fiowered, and the fruit usually somewhat larger.” The 
plant on the Philadelphia sheet of no. 178 agrees with this meager descrip- 
tion, and is certainly referable to C, laxiculmis. 

It should also be noted that on the specimen labels, both Festuca nutans 
and Festuca pratensis are designated, through apparent typographical error, 
as number 125. However, in the index of the copy now before us, the former 
is listed as number 125 and the latter as numW 126. 

For the typification of the new species and varieties represented in this 
list it becomes necessary to cite a particular example of the many sets dis- 
tributed, particularly since some are not homogeneous. Hitchcock and 
Chase (Contr. U. S. Nat. Herb. 16: 290. 1910) designated as type of Panicum 
xanthophysum a sheet in the Gray Herbarium annotated in Gray’s hand 
with the location “Oneida Lake, Wood Creek barrens.” We should surely 
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regard as the type for a species one of the specimens issued in the publica- 
tion in which it was described. In a later work (N. Am. PI. 17: 278. 1915) 
Hitchcock indeed names as type locality ‘^Pine Plains, near Oneida Lake/' 
a quotation from the printed label of No. 28 of the Gramineae and Cypcra- 
ceae. We here designate as types of the new species and varieties described 
ill this work the corresponding specimens in the bound copy in the library 
of the New York Botanical Garden. 

PAPERS IN THE ANNALS OF THE NEW YORK LYCEUM 

In December 1834, Gray, who was then Torrey's assistant in the (College 
of Physicians and Surgeons of New York, read before the Lyceum of 
Natural History of New York a paper entitled “A Monograph of the North 
American species of Rhynchospora. ’ ' In this he described fifteen new species 
and made two new combinations; two of the novelties are based on speci- 
mens issued in the North American Gramineae and Cyperaccae, Part ly 
R. torreyana is based on no. 96 of this work. According to pei'sonal commu- 
nications of Miss Shirley Gale, the no. 96 of the bound copy in tlie New York 
Botanical Garden is actually B, torreyana, while the correspondingly num- 
bered specimen at the Gray Herbarium is R. gracilenfa (perhaps collected 
at a different time). R. gracilenta is based on no. 93 of the Gramineae and 
Cyperaceae. Our specimen again is actually B. gracilenta, while that at the 
Gray Herbarium is R. fusca (as labeled). This situation makes it the more 
imperative that specific sheets be designated as types of the species de- 
scribed in or on the basis of this work. Miss Gale has annotated as type of 
R. torreyana a specimen collected by Gray at Quaker Bridge, N. J., in 
August 1833. As type of B, gracilenta she has annotated a specimen, appar- 
ently collected by Gray, in the Pine Barrens of New Jersey in September 
1834. Both of these specimens were formerly in the Torrey Herbarium, and 
are now in the herbarium of the New York Botanical Garden. 

The paper on Bhyncliospora and another read at the same time (‘‘A 
notice of some new, rare, or otherwise interesting Plants, from the Northern 
and Western portions of the State of New York") w^ere printed in volume 3 
of the Annals of the Lyceum of Natural History of New York. In a letter to 
Hooker dated 4 April 1835 Gray speaks of sending the second part of the 
Gramineae and Cyperaceae, and further writes: ‘^I inclose in the same par- 
cel the loose sheets of an unpublished portion of the third volume of the 
^Annals of the New York Lyceum of Natural History,' comprising an at- 
tempt at a monography of the genus Bhynchospora. A more perfect copy, 
with a copy of the engraving, now in the hands of the artist, will be trans- 
mitted to you by the earliest opportunity." These "loose sheets" must have 

» Two others are published for Baldwin from his manuscript, and one for Torrey. 
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been printed but unbound sheets.^” On 10 October 1836 he wrote: *‘A11 the 
sheets of the monograph ‘Rhynchosporae’ were destroyed by fire soon after 
bein" printed, and when reprinted, about a year since, I added a few obser- 
vations, notes of additional localities, etc. But ... I find there are several 
errors (several of which are quite material). ... I send herewith the sheets 
of the paper as published here, with such typoj^raphical corrections as now 
occur to me.” Ames (Orchidaceae 4 : 137-138. 1910) presents evidence that 
these paj?es of the Annals were finally issued in April 1836. Meanwhile, how- 
ever, copies of the first printing had been distributed. Two are bound with 
other pamphlets (‘‘separates”) in the library of the New York Botanical 
Garden. One of these is of particular interest in having attached to it the orig- 
inal drawings from which Plate VI was made. Hooker printed the paper on 
Bhynchospora in the Companion to the Botanical Magazine ( 2 : 26-38. 
1836), obviously using the loose sheets of the first printing. In North Ameri- 
can Gramineae and Cyperaceae, Part 77, on the labels of no. 173, Carex 
intumesccns var. glohularis, and no. 185, C. blepharophora, the place of 
publication is given as ‘‘Ann. Lyc. Nat. Hist. New-York, III. p. 235.” This 
is the pagination of the first printing, not of the second (see below). There 
is no doubt, therefore, that the papers were actually first issued early in 
1835, and that this is the date of publication of the new names that appear 
in them. It is of interest to note that this original paper has been erroneously 
listed as a “reprint.” 

The pages of the 1836 version were set in a different type, which resulted 
in a lack of correspondence in pagination between the two editions. In the 
first printing the paper on Bhynchospora occupied pages 191-219, the 
second paper jiages 220-236 ; in the second edition these pages are 191-220 
and 221-238 respectively. This, with the question of the date, has led to 
discrepancies in the citation of certain new species and varieties. The correct 
references are as follows : 


Bhynchospora torreyana Gray, Ann. Lyc. 
N. Y. 3: 197. 1835. 

Bhynchospora miliacea (Lam.) Gray, Ibid.: 
198. 

Bhynchospora multiflora Gray, Ibid.; 200. 
Bhynchospora patula Gray, Ibid.; 201. 
Bhynchospora microcarpa Baldwin ex Gray, 
Ibid.; 202. 

Bhynchospora elliottii Gray, Ibid.; 204. 
Bhynchospora corniculata (Lam.) Gray, 
Ibid.: 205. 

Bhynchospora macrostachya Torrey ex 
Gray, Ibid.; 206. 


Bhynchospora dodecandra Baldwin ex 
Gray, Ibid.: 207. 

Bhynchospora megalocarpa Gray, Ibid.: 
208. 

Bhynchospora pycnocarpa Gray, Ibid.: 208. 
Bhynchospora baldwinii Gray, Ibid.; 209. 
Bhynchospora paniculata Gray, Ibid.: 211. 
Bhynchospora oligantha Gray, Ibid.: 212. 
Bhynchospora semiplumosa Gray, Ibid.; 
212 . 

Bhynchospora gracilenta Gray, Ibid.: 215. 
Bhynchospora cephalantha Gray, Ibid. ; 
218. 


10 It will be perhaps possible to verify this when the Hooker correspondence again 
becomes available for study. The Annals were issued in 8-page signatures, which would 
make it easy for unbound articles to be thus distributed. 
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Anemone cylindrica Gray, Ibid.: 220. 
Nantiirtium natans DC. var. americanum 
Gray, Ibid.: 222. 

Draha inoana L. var. glahrinscula Gray, 
Ibid.: 222. 

Microsiylis hrachypoda Gray, Ibid.: 227. 
Habenaria hookeri Torrey ex Gray, Ibid.: 
228. . 


VUfa heterolepia Gray, Ibid.: 232. 

Carex intumescens Budge var. globularis 
Gray, Ibid.: 235. 

Carex hlepharophora Gray, Ibid.: 235. 
Aspidium acrostichoides Willd. var. in- 
cisiim Gray, Ibid.: 236. 


In the Index Kewensis, two of these speeies (Rhynchospora gracilenta 
and Carex hlepharophora) are cited as of the original 1835 printing; others 
(Rhynchosjjora haldwinii, Rhynchospora semiplumosa, Anemone cylindrica, 
Microsiylis hrachypoda, Hahenaria hookeri [as H. hookeriana; see Ames, 
I.C.], and Yilfa heierolepis) are listed with the pagination of the J-836 re- 
printing. Mackenzie (N. Am. Flora 18 : 194, 250. 1935) in citing Carex 
hlepharophora and C. intumescens var. glohularis, gives the pagination of 
the 1836 edition but the date as ‘‘1835.’’ 

From the portion of Gray’s letter quoted above, it is evident that the 
second edition also must be mentioned in any reference to these papers. 
Not only were new locations added, but some descriptions were amplified 
or modified. Besides such important differences, many typographical errors 
were corrected in the second version (and some new ones introduced). It is 
interesting to note that Hooker’s edition followed the first printing verbatim 
except for his own corrections of obvious errors and except for certain 
omissions for which he was responsible. For the convenience of those to 
whom both versions are not readily available, the more important dis- 
crepancies are listed below. The reader will identify some as due to typo- 
graphical errors, some as resulting from Gray’s annotations; about some, 
however, there is doubt. 


1835 

page 

196. [Hhynchoepora cyrnosa.] Corymbs 3-4 
. . the terminal one largest. 


L97. [B. Torreyana,] Bristles 6, . . . 

1/3 the length of the nut. 

L97. [R, rariflora,] Culms . . . 6-12 inches 
ligh. 

L98. [B. miliacea,] Lower leaves , . . 8-16 
nches long. . . . Spikelets . . . i — i ah 
nch. . . . 


1836 

page 

196. Corymbs 3-4 . . . the terminal ones 
largest. [So changed also by Hooker.] 

196. fdded-.J Middle Florida, I)r. Chap- 
man. 

197. Bristles 6, . . . one-half to two-thirds 
the length of the nut. [So corrected also by 
Hooker.] 

198. Culms . . . 6-12 (rarely 15) inches 
high. 

198. [Added:] Middle Florida, Dr. Chap- 
man. 

198. Lower leaves . . . 8-10 inches long. 
Spikelets . . . 1-^ an inch. [Hooker’s cor- 
rection of the latter error was: half an 
inch.] 

199. [Added under R. miliacea:] Middle 
Florida, Dr. Chapman. 



3942] 


BICKETT AND GILLY : GRAY’s EARLIEST PUBLICATIONS 


469 


page 

201. [JJ. multiflora.] , . . distinguished by 
its much more numerous and smaller spike- 
lets. . . . 

201. I see no reason for referring this 
plant to the genus Seirpus. 


206. [22. corniculata.] . . . one of the in- 
ner series fof bristles] about the 2 others 
i the length of the nut. 

206. Ohio to Louisiana; 

214. [22. fu8ca.] Culm . . . slender, tri- 
quetrous. 

217. [22. glomerata.] Hab. In swamps, . . . 


219. [22. cephalaniha.] . . , the bristles are 
hispid both upward and downward. 


223. [I)raha incana var. gla1)riu8cula,] 
Flowers in a short somewhat compact 
raceme, simple or rarely with one or tw’o 
branches. 

223. The habit of our plant is precisely 
that of D. arahizans Pursh^ non Michx. 
(Alyssum dentatum, Nutt, which is not an 
Alyssura, but a genuine Draba.) 

224. [Ccanothus ovalis,] This plant is un- 
doubtedly quite distinct from C. interme- 
dium, Purshy to w’hich it is referred by Prof. 
Hooker, a species which is probably con- 
fined to the southern states. 

224. [Lathy rum palustris,] — somew’hat rare. 

226. [Dracoeephalum parviflorum.] , . . 
Arctic America. . . . 


227. [JTabenarta orhiculata.] Flowers 15- 

20 . . . . 


page 

201. , . . distinguished by its more numer- 
ous and smaller spikelets. . . . 

201. [Added:] Gadsden County, Middle 
Florida, Dr. Chapman, 

203. This species produces a greater num- 
ber of nuts than is usual with the genus, 
on which account Mr. Elliott referred it to 
the genus Seirpus; but 22. miliacea and 22. 
caduca often ripen nearly the same number. 

205. [Added under 22. Fllioltii:] Gadsden 
County, Middle Florida, Dr, Chapman, 

206. . . . one of the inner series about 
and the two others i the length of the nut. 

206. Ohio to Florida; 

215. Culm . . . very slender, smooth. 

218. Hab. In bogs and moist places; 

219. [Added under 22. cephalaniha:] Gads- 
den County, Middle Florida, 2)r. Chapman, 
219. . . . some of the bristles are hispid 
upward and others down^vard. 

223. [Added under Namturtium natanSy 
americanum:] Although a rare plant, its 
geographical range is quite extensive, as 
Dr. Ingalls has recently found it at New 
Orleans. 

224. Flowers in a short, somewhat compact, 
simple (or sometimes branching) raceme. 

224. The habit of our plant is precisely 
that of Draba ramomissima of Desvaux (22. 
arabizanm, Dursh, non Michx. 72. dentata. 
Hook 4r Arn. in Hooker’s Journal of Bot- 
any. Alyssum dentatum, Nutt,) ; 

225, This plant is undoubtedly quite dis- 
tinct from C, intermedins, Pursh, which is 
merely a narrow-leaved form of C, Ameri- 
canus, nearly confined to the Southern 
States. 

225. [For this is substituted:] Its leaves 
from lanceolate (the ordinary form) to 
oblong- ovate. 

227.. . . . British N. America, . . . 

228. [Added under Microstylis braehy- 
poda:] I am not certain that these charac- 
ters are constant. 

229. Flowers 17-20. ... 

235. [Added under Paniotuni xanihophy- 
stim:] . . . and at Burlington, Vermont, 
by J, Carey, Saq, 
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235. [Added under Carex chordorrhiza 
I have recently received this plant, hitherto 
unknown in this country, from Seneca 
County, Dr. Sartwellf and St. Lawrence 
County, Dr. Crawe. 

234. [Carex livida,] I have never noticed 235. I have never, except in a single spcci- 
the distant or subradical peduncles. . . . men, noticed the distant or subradical 

peduncles. . . . 

238. [Added under Carex Hitchcockiana :] 
Cayuga County, J. Carey. 

Gray’s next botanical work, not listed in the available bibliographies, 
was a further revision of the North American Rhynchosporae and a joint 
endeavor with Torrey on the Car ices of North America. These •were printed 
as a part of Torrey ’s Monograph of North American Cyperaceae (Ann. Lyc. 
Nat. Hist. N. Y. 3: 239-443. 1836.). In his introductory remarks, Torrey 
wrote: ‘‘The revision of the Rhynchosporae is entirely his [Gray’s] own; 
and the Synopsis of North American Carices, I wish to have considered as 
our joint performance.” The correct citations for species or combinations 
published in these portions of the “Monograph” have already been discussed 
by one of us,” 

The New York Botanical Garden 
New York, N. Y. 

11 C. Gilly, A note on the authorship of certain species of cyperaceae. Khodova 
43: 333-335. 1941. 
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Biol. Ser. 36 : 1-84. 1941. 
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322. /. 1. 1 Ap 1942. 
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Blittellr M. T. A critical revision of the Oompositae of Arizona and New Mexico. 

Catholic Univ. Am. Biol. Ser. 34: 842-507. pi. 1, S, 1941. 

Little, E. L. A first Arizona record of Botryehium multifidum. Am. Fern Jour. 
32: 26, 27. Ja-Mr 1942. 

Maguire, B. Great Basin plants — ^Vll. Cniciferae. Am. Midi. Nat. 27: 463-469. 
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Murrill, W. A. New Florida hawthorns, (’astanea 7: 19-30. F 1942. 
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Pierce, J. H. A plant new to the western hemisphere. Carib. Forester 3; 88. 
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Trans. Am. Micros. Soc. 61: 1-29. pL 1-3. .la 1942. 

Bamaley, F. Vegetation of the San Luis Valley in southern Colorado. Univ. 

Colorado Stud. Ser. D 1: 231-277. f. 1-8. Mr 1942. 

Sandwith, N. Y. Contributions to the flora of tropical America: XLV. New plants 
from the Andes of Venezuela and Colombia. Kew Bull. Misc. Inf. 19413; 
218-228. 1942. 

Sandwith, N. Y. Contributions to the flora of troi)ical America: XLVI. The 
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Schweinfurth, C. Orchidaceae peruvianae III. Bot. Mus. Leafl. 10: 11.3-128. 
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Shreve, F. The desert vegetation of North America. Bot. Rev. 8; 195-246. Ap 
1942. 

Steyermark, J. A. Rediscovering Sedum pnlchellinn at its northeastern limit. 
Rhodora 44: 73-76. 7 Mr 1942. 

Steyermark, J. A. Two albino forms of Echinacea from Missouri. Rhodora 44: 
150, 151. Ap 1942. 

Turrill, W. B. Taxonomy and phylogeny. Bot. Rev. 8: 247-270. Ap 1942. 
Wagner, W. H. Bipinnate Christmas ferns. Am. Fern Jour. 32: 27-29. Ja-Mr 
1942. 
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Williams, L. O. A new Epidendrum from Mexico. Am. Orchid Soc. Bull. 10: 
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% 

Bailey, I. W. & Berkley, B. E. The significance of x-rays in studying the orienta- 
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231-241. /. 1-18. 2 Ap 1942. 

Bannan, M. W. Wood structure of the native Ontario species of Juniperus. Am. 
.Tmir Bot. 29: 24.5-261. /. 1-80. 2 An 1942. 
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Farrar, J. L. & Grace, N. H. Vegetative propagation of conifers. XI. Effects of 
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La Bue, C. D. The rooting of flowers in sterile culture. Bull. Torrey Club 69: 
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Bonner, J. Riboflavin in isolated roots. Bot. Gaz. 103: 581--585. 8 Ap 1942. 

Bonner, J. Transport of thiamin in the tomato plant. Am. Jour. Bot. 29; 136- 
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ascorbic-acid content of the tomato. Bot. Gaz. 103: 586-616. /. 1—13, 8 Ap 
1942. 
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Weasel, 0. J. A study of the esterase activity of Aleurites Fordii, Catholic Univ. 
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MYCOLOGY ANI> PHYTOPATHOLOGY 
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Bay, W. W. ft McLaughlin, J. H. Isolation and infection tests with seed- and soil- 
borne cotton pathogens. Phytopathology 32: 233-238. Mr 1942. 

Bitchie, D. Origin of the bulliform cells in the lamellae of Hussula. Castanea 
7: 13-15. /. 1-6. F 1942. 

Seaver, F. J. Plectania coccinea. Mycologia 34: 119. 1 col. pi. 1 Ap 1942. 
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HERBERT McKENZIE DENSLOW 

Herbert McKenzie Denslow was born at Lynn, Massachusetts, August 
20, 1852. As a boy he became interested in botany through association with 
his uncle, William Wallace Denslow (1820-1868). Together they collected 
plants, often in the wilds of upper Manhattan ; both were among the original 
members of the Torrey Botanical Club, in 1867. The uncle died shortly 
after this time, but the nephew has maintained his botanical interests 
throughout the 75 years of the Club’s existence. 

Dr. Denslow graduated from Yale in 1873. He was given the degree of 
A.M. by Kenyon College in 1896, and that of D.D. by General Theological 
Seminary in 1907. In 1878 he became a deacon, in 1879 a priest in the Protes- 
tant Episcopal Church. Prom 1878 to 1902 he discharged the duties of a 
clergyman at various places in Connecticut, Vermont, western New York, 
Ohio, and Indiana. During these 24 years he was unable to take active part in 
the meetings of the Torrey Club ; but he maintained the connection as corre- 
sponding member. In 1902 he returned to New York as Professor of Pastoral 
Theology in General Theological Seminary, in which capacity he served 
until his retirement as Professor Emeritus in 1923. For a part of this period 
he was sub-dean, and at times acting dean. 

Dr. Denslow ’s botanical work has been particmlarly concerned with our 
native orchids. A considerable list of publications bears witness to his attain- 
ments in this field, and in his search for these plants he has visited nearly 
every town in the state of Connecticut. His studies have been intensified 
during his late years, since retirement from professional duties. 

To all who enjoy the privilege of his acquaintance, he is outstanding as 
a profound yet tolerant scholar, and as a kindly and cordial gentleman. The 
Club honors itself in congratulating its oldest living member on his ninety 
years. 

J.H.B. 

The portrait of Dr. Denslow is published with the assistance of the Lucieu M. 
Underwood Memorial Fund. 


479 

[The Bulletin for June 69: 405-478 was issued June 2, 1942] 





BULLETIN OF THE T O B R E Y BOTANICAL CLUB 


69(7): 480-508 


October, 1942 


NUCLEAR BEHAVIOR IN THE MUCORALES— I. THE 
MUCOR PATTERN 

Victor M. Cutter, Jr. 

For the past 60 years the question of nuclear behavior in the Mucorales 
has been a source of controversy. The exact stapres in the life history at which 
nuclear fusion and the subsequent nuclear reduction take place have never 
been satisfactorily demonstrated. It is obvious that before further studies in 
the sexuality and genetics of this group can be carried out, these critical 
stages must be studied from a comparative basis and their position definitely 
established. A survey of the 50-odd publications dealing with this question 
indicates that the present confusion arises from four principal sources. The 
extremely minute nature of the mucoraceous nucleus, the use of unsatisfac- 
tory cytological techniques, the great natural variation in the material used 
in these investigations, and the failure of the majority of w^orkers to follow 
the nuclear behavior through all the stages in the life history have all con- 
tributed to this controversy. This and a subsequent paper present the results 
of a correlated study of the nuclear condition in 15 species of this group at 
all stages in the life cycle. 


MATERIALS AND METHODS 

The species used in this study are listed below. An attempt has been made 
so far as possible to select species which have been studied previously in 
order that the results of the present investigation might be reasonablj^ com- 
pared with those of earlier investigations, and also in the hope of correlating 
some of the divergent opinions on controversial points. The nomenclatural 
system followed is that of Naumov (21). Herbarium material of all the spe- 
cies studied has been deposited in the Herbarium of Plant Pathology at 
Cornell University and in the Parlow Herbarium of Cryptogamic Botany at 
Harvard University under the numbers indicated in the accompanying 
table. 

Species investigated 

No. Species No. Species 


25 Mucor genevensis Lendner 
82 Mucor hiemalis Wehmer 
13 Parasitella simplex Bainier 
63 Zygorhynchus dangeardi Moreau 
68 Zygorhynchus moelleri Vyill. 


87 Zygorhynchus vuillemenii Namysl. 
90 Zygorhynchus vuillemenii var. 
agamus Namysl. 

7 Ahsidia spinosa Lendner 
81 BlaTceslea trispora Thaxter 


In order to secure as much uniformity as possible all material was cul- 
tured upon a single substrate, carrot decoction agar. Mature zygospores were 
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j^erminated by sterilizing: tliem in 12 per cent calcium hypochlorite solution 
and isolating individual spores on 2 per cent non-nutrient agar, or moist 
filter paper in petri dishes after they had reached the proper age. A future 
publication concerning the details of this process and the results of a number 
of experiments upon the factors influencing germination of the zygospores 
of the Mucorales is anticipated. 

Young mycelia, sporangia, and the early stages in zygospore formation 
were prepared for cytological examination by the method recommended by 
Schwarze (26) in his study of the water molds. The same technique was used 
in preiiaring the germ tubes of zygospores for sectioning. Older zygospores, 
chlamydospores, and hyphal bodies were lifted from the substrate attached 
to portions of the mycelium and immediately immersed in fixative. In such 
cases an aspirator was used to remove all air from the material, and to insure 
thorough penetration of the fixative. In this connection a detergent ‘‘Ter- 
gitol’’ Penetrant 7, supplied by the Carbide and Carbon Chemicals Corpora- 
tion of New York was used in conjunction with all fixatives. The addition of 
three drops of this compound to ever}^' 50 cc. of the fixative was found to 
lower the surface tension of the solution to the point where almost instan- 
taneous wetting of the material occurred. In addition, the penetration of the 
fixative into larger thick-walled structures was greatly enhanced. 

As might be expected the most nearly natural and lifelike fixation images 
were produced by the various chromic-osmic-acetic mixtures, of which Flem- 
ming’s weak solution and Chamberlain’s solution as cited by «Johansen (13) 
proved the most useful. Kandolph’s modification of Navashin’s fluid cited 
under the abbreviation Craf (13) has proved excellent in studying the older 
zygote stages where it is difficult, because of excess reserve substances, to 
bleach out the osmic acid after fixation. Formaliii-acetic-alcohol is very use- 
ful for the study of nuclear structure in young hyphae and zygospore stages. 
Gilson’s fluid (13) and saturated mercuric chloride solution have been exten- 
sively used in conjunction with the Feulgen reaction. With this procedure 
they prove quite satisfactory but are practically worthless when followed by 
other stains. 

For a study of the chondriome and of the cytoplasmic inclusions two 
solutions developed by Zirkle (31) have given the best results. Zirkle-Erliki 
fluid removes all chromatin and preserves mitochondria well, while Zirkle ’s 
reduced chromic fluid preserves vacuoles and mitochondria well and at the 
same time does not completely obliterate the chromatin present, so that a 
combined picture of the acid and basic images may be secured. Regaud’s 
fluid as cited by Lee (16) occasionally gave satisfactory results but it was 
troublesome to use with the older stages and was not so generally employed 
as the two preceding formulae. 

Dehydration of all materials, before they were embedded in paraflSn, wai& 
carried out in the n-butyl alcohol series given by Zirkle (31). This method 
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proved much more satisfactory than did any of the xylene or chloroform 
series and tended to reduce shrinkage to a minimum. With the older zygo- 
spore stages it was necessary, because of the brittle nature of the exospore, 
to subject the material to a softening process before sectioning. The best 
results were obtained with material soaked in 3 per cent sodium hydroxide 
immediately after fixation. All materials were embedded in 56° paraffin, and 
sections cut from 3 to 15 microns thick. 

It became obvious early in the course of this study that little would be 
gained by repeating the staining methods usual to this type of investigation, 
since the unsatisfactory results obtained by many workers indicated that 
Flemming’s triple stain and Heidenhain’s haematoxylin were not sufficiently 
precise to reveal nuclear detail during the stages when various structures 
were in the dormant condition. Hence a definite attempt was made to adapt 
more modern and precise staining techniques to these fungi. Several staining 
methods not previously employed in the study of the Mucorales have been 
used. The first of these and perhaps the most important was the Feulgen 
reaction. Great care must be used in the interpretation of structures showing 
a reaction to this test, for, as Knaysi (15) points out, the significance of this 
reaction is as yet not fully understood. The staining solution was prepared 
in accordance with Coleman’s (7) modification of de Tomasi’s method. The 
time of hydrolysis varies with the fixative employed, and in this connection 
Hillary’s (12) schedule has been followed with very satisfactory results. 

The second staining method used was based upon a technique ^described 
by Naylor (22) but different dyes and a different buffer series was used. The 
dyes selected were 0.5 per cent aqueous erythrosin and saturated aqueous 
methylene blue as suggested by Savile (25). His staining schedule was fol- 
lowed but the buffer selected was the acid potassium-phthalate series of Clark 
and Lub (6). This buffer was employed in place of the disodium-phosphate 
citric acid series recommended by Savile, because of the difficulties encoun- 
tered with fungi growing in the latter solutions. 

Hruby’s modification of the Cahal-Brozek basic fuchsin-indigocarmin 
method (13) has proved to be a very rapid and practical stain for mycelium 
and young zygote stages in conjunction with any fixative. Samples of all the 
material stained by the three preceding methods were also stained in Heiden- 
hain’s iron alum-haematoxylin and in Flemming’s triple stain for purposes 
of comparison. In all cases the results obtained by the newer techniques were 
equally satisfactory, and with respect to the stages in the life cycle where 
abundant reserve substances were present in the fungus structures these 
methods gave more precise results. For a study of the elements of the chon- 
driome, staining with Heidenhain’s iron alum-haematoxylin, and the mito- 
chondrial method of Bensley-Cowdry cited by Lee (16), have proved gen- 
erally satisfactory. 
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The illustrations in this paper have been made diagrammatic to the 
extent that no detail has been rendered in the cell walls, since this has no 
bearing on the present problem. However, important dimensions such as 
the relative thickness of the several zygospores wall layers have been por- 
trayed as accurately as possible. The exospore has been shown in black, and 
the endospore has been left blank to secure a contrast between these two 
walls. Amorphous structures, such as oil vacuoles, have been left blank to 
distinguish them from the reticulately stippled cytoplasm. All drawings 
were made with a projection mirror or camera lucida adjusted to table top 
level and with Leitz apochromatic objectives and compensating eyepieces. 
Inasmuch as other workers on the same problem have figured many of the 
stages encountered in this study, no attempt has been made to reillustrate 
those stages which have previously been adequately portrayed. 

Abbreviations. The following abbreviations of stains and fixatives are 
used in the legends accompanying the figures, to indicate the type of prepara- 
tion from which the drawings and photographs were made. 

Fixatives 

Flemming ’a weak solution 

Chamberlain ^8 solution 

Gilson’s fluid 

Saturated mercuric chloride 

Formalin-acetic-alcohol 

Randolph’s modification of Navashin’s fluid 

Zirkle-Erliki fluid 

Zirkle ’s reduced chronic fluid 


..Flemming’s 
...Chamberlain ’s 
.. Gilson ’s 
.. S.M.C. 

F.A.A. 

..Craf 
... Zirkle ’s 
. Z.R.C. 


Stains 


Feulgen reaction for nucleoprotein Feulgen 

Methylene blue and Erythrosin used with buffer solutions Buffer 

Cahal-Brozek basic fuchsin indigocarmin Cahal-Brozek 

Bensly-Cowdry acid fuchsin light green for mitochondria Bensly-Cowdry 

Flemming’s triple stain Triple 

Heidenhain ’s iron-alum haematoxylin Haematoxylin 


Certain matters pertaining to the terminology of the various nuclear and 
cytoplasmic structures require clarification before proceeding to a detailed 
discussion of the species investigated. Baird (2) has presented a very com- 
plete review of the investigations on nuclear structure and consequently such 
a summary will be omitted here. As interpreted in the following study, a 
typical vegetative nucleus in the Mucorales consists of one or more deeply 
staining central bodies surrounded by a clear region which may or may not 
be bounded by an obvious membrane. Around the periphery of this' clear 
region and within the membrane, if one is present, a limited number of chro- 
matic threads are arranged indiscriminately. These threads rartfly form a 
definite reticulum, and are only visible after very precise fixation. At the 
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present time it is impossible to state whether they represent the complete 
nuclear reticulum or are merely the basichromatic portions of a more exten- 
sive reticulum which has, as yet, not been demonstrated. These threads are 
Peulgen positive and have been found in all the metabolic nuclei examined. 
A nuclear membrane is apparently associated with all metabolic nuclei, 
although the small size of the nuclei and the fact that the membrane fre- 
quently collapses under the action of fixatives frequently make it difficult 
to detect. 

The central body is the most prominent constituent of the nuclear unit. 
It has commonly been referred to as a nucleole or nucleolus, but by some 
authors (2) it has been interpreted as the entire nucleus. Whether this body 
can be considered homologous with the nucleolus of higher organisms is open 
to question. It is highly refractive and stains brilliant red with Flemming ^s 
triple stain in contrast to the bluish or purple reticulum; on this basis it has 
been considered a typical nucleolus. On the other hand in material subjected 
to the Feulgen reaction the central body is Feulgen positive, as is also the 
nuclear reticulum. During division it separates into two approximately equal 
portions and passes to the poles of the spindle in company with the chromatic 
elements of the reticulum. These facts would mitigate the nucleolus theory 
and perhaps suggest that the mucoraceous nucleus shows affinities with the 
karyosome nuclei of certain lower organisms (27). It is conceivable, however, 
that the reaction to the Feulgen test results from the collopse of a Feulgen 
positive portion of the reticulum around the central body ; thus masking its 
true reaction. Until further light is thrown upon this matter it seems advis- 
able to refrain from designating this structure the nucleolus, since this would 
imply that it is homologous with the nucleolus of higher organisms. 

In the species considered below two types of nuclear division occur. In 
the rapidly growing portions of the tballus mitotic divisions take place. Dur- 
ing division a very faint spindle is developed with the highly chromatic mass 
of the central body and presumably also of the nuclear reticulum lying in 
the equatorial region. The nuclear membrane becomes very faint at this stage 
but does not completely disappear : hence the achromatic figure may be con- 
sidered intranuclear. The chromatic mass then separates into two approxi- 
mately equal portions which move towards the poles of the spindle. As these 
masses reach the poles, a clear region forms around each of them, the spindle 
disappears and shortly thereafter a nuclear membrane is again apparent 
around each daughter nucleus. At no stage in this process has it been possible 
to distinguish definite chromosomes, although the chromatic masses during 
their migration to the poles are not' entirely homogeneous. Occasionally dur- 
ing the early division stages refractive granules can be seen at or near the 
poles and outside the nuclear membrane. These structures probably repre- 
sent centrioles, but their behavior before the onset of nuclear division and 
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after the reorganization of the daughter nuclei could not be determined. 
They are by no means universally present in these fungi as Moreau ^s account 
(18) might lead one to believe. The periodicity of mitotic division was very 
marked in all the forms examined and frequently it was possible to investi- 
gate large amounts of material without encountering any division stages. 

In the older vegetative mycelium and the maturing and dormant zygo- 
spores a type of nuclear division which is perhaps best interpreted as amitosis 
occurs. Here the central body of the nucleus merely elongates, the nuclear 
membrane disappears, and the chromatic masses are divided by constriction 
into two or more portions which move apart. In a few cases the divided 
chromatic masses became associated with new nuclear membranes, but it is 
not clear whether this is always the case. Figures of this type are common 
in the portions of the thallus where active cytoplasmic movement has ceased. 
Inasmuch as there are frequently large amounts of reserve substances pres- 
ent at these stages, the question arises whether these presumably amitotic 
figures do not, in reality, represent typical mitotic figures in which the finer 
details of the achromatic figure are obscured by ergastic materials. On the 
other hand this type of division may represent the first stages in the degen- 
eration of nuclei which have become superfluous. 

The results of this study indicate that nuclear degeneration occurs in 
some cases, but no evidence has been found that it always occurs at the same 
stage. The phenomenon may also be exhibited after improper fixation, which 
may lead to erroneous conclusions regarding its frequency. Nothing was seen 
to indicate that the failure of nuclei to fuse in the zygospore necessarily leads 
to ultimate degeneration of the unfused nuclei. In certain species unfused 
nuclei appear to persist throughout the life cycle. 

Both vegetative and sexual fusions of nuclei have been frequently re- 
ported in this group. The significance attached to this phenomenon seems 
largely a matter of interpretation. The obvious difficulties in distinguishing 
between late stages in nuclear fusion and early stages in nuclear division 
where an achromatic figure cannot be demonstrated are manifest. For this 
reason only those cases in which nuclei with membranes intact have been 
observed in the process of fusion have been regarded as having any biologic 
significance. The fusion process usually results in a marked increase in size 
of the fusion nucleus. It has never been possible to demonstrate any funda- 
mental difference in the fusing nuclei, or to trace their possible parentage. 
From analogy with other forms, however, it seems reasonable that only nuclei 
of different genetic composition undergo karyogamy. Fusion takes place at 
different stages in the zygospore of the several species studied, and no ^evi- 
dence has been found of the reported vegetative karyogamies in the mycelial 
stages. 

The results of many workers indicate that the nuclei of the vegetative 
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mycelium and the zygospores are not always of the same size or appearance 
at different stages. In regions where active cytoplasmic movements are going 
on the nuclei are usually larger with a well defined membrane and nuclear 
reticulum, whereas in regions where the growth rate is retarded or has ceased 
the nuclei tend to be contracted and the nuclear membrane diflScult to dem- 
onstrate. This size difference which is correlated with cytoplasmic activity 
can be noted in both fused and unfused nuclei. Since these two phases are 
so characteristic it has seemed well to apply the terms ‘‘expanded nuclei’’ 
and “unexpanded nuclei” respectively to describe the two conditions. These 
noncomittal terms have been purposely selected since they imply no funda- 
mental difference in the nuclear structure. The two phases grade into one 
another in transitional regions. The actual size of the nucleus varies greatly 
in different species. This change in nuclear size which is neither the result 
of karyogamy nor of nuclear reduction has not been clearly recognized in 
earlier investigations, and it is of considerable importance in the proper 
interpretation of nuclear behavior in the zygotes. 

During meiosis the fusion nuclei are larger than the unfused nuclei and 
are much more prominent in the cell. In the meiotic divisions chromosomes 
are clearly delimited and are of considerable size. The chromosome number 
in those species in which it has been determined is 12 in the haploid condi- 
tion. Clear meiotic figures have not been seen in all the species studied; but 
it has been possible, owing to the considerable size difference between fused 
and unfused nuclei, and by analogy from those species in which reduction 
division has been demonstrated, to locate the approximate point in the life 
cycle where this process takes place in all the species included here. The 
expanded and unexpanded nuclear phases referred to above must be taken 
into consideration when the criterion of nuclear volume is used to distinguish 
haploid from diploid nuclei, since both fused and unfused nuclei enter these 
characteristic phases. 

An investigation of the cytoplasmic constituents of the thallus of these 
forms by the use of basic fixatives and cytoplasmic stains has revealed, in 
addition to the various reserve substances usually present, two types of 
structure which seem to fulfill the definition of mitochondria given by New- 
comer (23). These bodies are preserved by bichromates between a pH range 
of 4.6 and 5.0. In rapidly growing hyphal tips and in the young progame- 
tangia they appear in the form of long, very thin threads. In the zygospores 
and chlamydospores, just prior to the formation of the prominent reserve 
substance^, there are present very minute granules which exhibit the same 
staining reaction as these threads. In all probability these structures are 
homologous as indicated by their response to different reagents and by the 
intermediate forms sometimes encountered. 

Numerous workers have reported the presence of mucorine crystals in the 
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older mycelium and zygospores of these forms. A survey of the literature on 
the question conveys the impression that these structures are always present 
at some stage or other in the life cycle. The present results indicate that 
under many conditions these crystals are not developed at all. Ling Young 
(17) has presented an extensive account of the formation and composition 
of these crystals and nothing can be added to his observations. The presence 
of amorphous bodies apparently concerned with the secretion of oil has been 
frequently pointed out. Keene (14) and Moreau (19) have discussed these 
bodies and speculated as to their origin. In general the observations of 
these two investigators on this category of ergastic substances is confirmed, 
although additional evidence indicating that the mitochondria may func- 
tion in their formation is presented below. Keeners usage of the term “oil 
plastids’’ for these structures will be followed. 

OBSERVATIONS 

Mucor qenevensis Lendner. This homothallic species falls in the section 
Hagemm of the genus Mucor in the classification of Naumov (21). A num- 
ber of species in this section have been investigated by various authors most 
of whom are in agreement concerning the nuclear behavior in the younger 
zygote stages. Dangeard (8) examined Mucor fragilis Tode, a species ex- 
cluded by Naumov, and probably synonymous with M, hiemalis Wehmer, 
and observed nuclear fusions in the developing zygospore. The nuclei which 
failed to conjugate apparently disintegrated. In the azygospores he did not 
encounter any evidence of nuclear fusion or degeneration ; the nuclei remain- 
ing unchanged throughout the development of the azygospores. Moreau (19) 
reports nuclear fusions, which he interprets as karyogamies, during the 
period when the exospore of the zygote is being deposited, in ilf. sylvaticus 
Hagem, M, hiemalis Wehmer and M, genevensis Lendner. Degeneration of 
unfused nuclei then occurs. Ling Young (17) working with M, hiemalis and 
M. genevensis corroborates Moreau’s observations but does not extend them. 
None of these workers followed the nuclear condition through the dormant 
period of the zygospore, nor did they observe germination of the zygospore. 

The present study confirms, in general, the observations of these workers 
on the early stages of zygospore development. The progametangial initials 
are multinucleate and mitotic divisions are in evidence as they increase in 
size (fig. 1). The number of nuclei in the young gametangia is not large. 
Nuclear division ceases as the coenozygote is formed, and perhaps fifty 
nuclei are present in the average coenozygote (fig. 2). These nuclei are 
arranged indiscriminately in the cell, and as the exospore matures they show 
a paired arrangement and a marked increase in size (fig. 4) . As the exospore 
assumes its mature form, very distinct nuclear fusions are in progress (fig. 
61), In all the material examined the great majority of nuclei in the cell 
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fused in pairs, and only an occasional unfused nucleus could be discerned 
in zygospores 4 days old (figs. 5, 62). These fusion nuclei persist in the 
expanded state for several days during which time oil plastids become very 
numerous in the zygospore, and the cytoplasm becomes quite dense. On about 
the sixth day of development the endospore is differentiated and almost 
simultaneously with the appearance of this structure a distinct change in the 
size and number of nuclei in the zygospore takes place (fig. 8). In place of 
the few large expanded fusion nuclei previously in evidence, there are now 
apparent about twice as many smaller nuclei, which remain in the expanded 
state for only a short time and then rapidly sink into the unexpanded phase 
with the onset of dormancy in the zygote. From analogy with the situation 
described below in Absidia spinosa, where the nuclear behavior is {?imilar to 
that of M, (jenevensis and where, apparently, the meiotic divisions occur at 
this stage, it appears reasonable that this change in nuclear size and appear- 
ance is the result of a reduction division of the fusion nuclei. By the end of 
the eighth day after the formation of the coenozygote, most of the zygospores 
have entered the dormant condition. The resting period persists for about 4 
months and no further change in the nuclear condition can be seen. The 
cytoplasm gradually contracts into the peripheral regions of the spore and 
the oil plastids are very prominent, tending to obscure all the other cell con- 
stituents. 

Zygospores of this species are capable of germination approximately four 
months after their formation and remain viable until the end of the seventh 
month. At the onset of germination the oil reserve disappears, the cytoplasm 
becomes vacuolate and rapid mitotic divisions take place which differ in no 
way from those seen in the mycelium and progametangia. The zygospore 
walls are soon ruptured and a thick germ tube is pushed out (fig. 9). At 
this stage the exospore wall becomes quite translucent and germinating 
zygospores can be easily distinguished from those still in the dormant con- 

Explanation of figures 1~16, Mucor genevensis 

Fig. 1. Progametangia in contact (Flemming ^s; ITaematoxylin). x 660. Fig. 2. Coeno- 
zygote 7 hours old (Flemming's; Haematoxylin). x660. Fig. 3. Zygospore 15 hours old. 
Dark region in center may represent coenocentrum (Flemming's; Cahal-Brozek). x 660. 
Fig. 4. Zygospore 2 days old ; fused and unfused nuclei present ; central nuclei undergoing 
syngamy (Chamberlain's; Haematoxylin). x 660. Fig. 5 Zygospore 5 days old with 
fusion nuclei in expanded phase (Gilson's; Feulgen). x 660. Fig. 6. Zygospore 4 days 
old showing mitochondria and formation of oil plastids (Zirkle's; ITaematoxylin). x660. 
Fig. 7. Zygospore 5 days old, showing chondriome and oil plastids; the clear areas probably 
represent nuclear vacuoles from which the chromatin has been dissolved (Z.R.C. ; Bensly- 
Cowdry). x660. Fig. 8. Dormant zygospore; nuclei in unexpanded phase (8.M.C.; Feul- 
gen). x660. Fig. 9. Germinating zygospore 4 months old (Flemming's; Triple). x660. 
Figs. 10-12. Sporangium development (Flemming's; Haematoxylin). x660. Fig. 13. 
Mature sporangiospores ; nuclei unexpanded (F.A.A.; Buffer), x 1000. Ficu 14. H 3 rphal 
bodies and young terminal chlamydospore (Flemming's; Cahal-Brozek). x660. Fig. 15. 
Terminal chlamydospore 6 days old (F.A.A.; Buffer). x660. Fig. 16. Stages in nuclear 
fusion and mitotic division in zvffosnore 3 davs old ('Flemminur 's: Haematoxvlin'i. X 1350. 
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dition. The germ tube develops into a single unbranched sporangiophore 
terminated by a germ sporangium. The sporangiospores of this germ spo- 
rangium all give rise to homothallic mycelia. 

Particular attention has been given to the nature of the chondriome in 
this species. In the hyphal tips of the mycelium and in developing sporangia 
long, extremely delicate, thread-like mitochondria are arranged in a loose 
weft in the regions of active cytoplasmic movement. As the cytoplasmic 
activity ceases in the older portions of the mycelium, these structures are no 
longer discernible, but minute granules can be demonstrated by the same 
fixing and staining methods. These mitochondria become particularly abun- 
dant in the regions where accumulation of reserve products takes place. 
They are very prominent in developing chlamydospores and in the younger 
stages of the coenozygotes, where they are arranged in a regular reticulum. 
They persist in this condition until the appearance of the oil plastids which 
seem to arise by a coalescence of these granules (figs. 6, 7, 65). The oil plas- 
tids exhibit the same staining reactions as the mitochondria, but this might 
be attributed to the masking effect of many mitochondria aggregated over 
the surface of the plastids. In the stages where the oil plastids are fully 
developed, mitochondria can no longer be demonstrated as distinct units. 
They have either disappeared or have been incorporated into the oil plastids. 
In the germinating zygospores, where the oil plastids and most of the reserve 
substances have disappeared the granular mitochondria have not been ob- 
served, but the thread-like forms are again apparent in the active cytoplasm 
at the tip of the germ tube. 

The formation of the sporangiophores and sporangia of this species fol- 
lows in the early stages the same course which Moreau, (19) describes for 
Mucor spinescens. The sporangiophores are usually unbranched, and at their 
tips terminal swellings develop, into which a considerable amount of cyto- 
plasm is carried. Mitotic nuclear divisions take place with great rapidity in 
the sporangial fundament (fig, 10). As the fundament reaches its maximum 
size the cytoplasm becomes differentiated into a peripheral sporogenous layer 
which contains most of the nuclei and an internal more or less sterile region 
which ultimately becomes the site of the columella. This stage is of short 
duration and then numerous flattened vacuoles appear in the fertile zone 
and divide the cytoplasm into many multinucleate blocks (fig. 11). These 
blocks may contain as many as 15-20 nuclei. At the same time a broad 
vacuole is delimited on the site which the columella membrane is to occupy. 
These vacuoles are filled with a refractive hyaline intersporal substance, 
which appears to function in the 'deposition of the sporangiospore walls and 
the columella membrane. After the appearance of the intersporal substance 
the multinucleate cytoplasmic segments contract somewhat and without 
further subdivision assume the characteristic elongated shape of the spo- 
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rangiospores. They then acquire a spore wall, and at the same time, a heavy 
wall which becomes the columella is deposited around the lower edge of the 
broad vacuole which separates the fertile from the sterile region (fig. 12). It 
must be emphatically stated that the columella does not arise by the upward 
burgeoning of the septum which is usually formed below the sporangial 
fundament. The few nuclei present in the columella soon revert from the 
expanded to the unexpanded phases and amitotic divisions may occur. The 
cytoplasm becomes very vacuolate and soon contracts against the walls of 
the sporangiophore, or becomes incorporated into chlamydospores which in 
some strains of this fungus develop luxuriantly in the sporangiophores. It 
will be noted that the process of sporangiospore formation in this species 
differs from that described by Moreau in M, spinescens in that the subdivi- 
sion of the sporogenous cytoplasm ceases at an earlier stage, and this cyto- 
plasm does not become arranged into cords before the spore initials are 
delimited. This is presumably a more primitive condition than that in M. 
spinescens since reduction in spore size and nuclear number is not carried 
so far (fig. IJl). 

Chlamydospores are very abundant in this species and in some strains 
the submerged mycelium may be almost completely transformed into these 
bodies. In newly formed chlamydospores (fig. 14) the nuclei are generally 
in the expanded condition and very occasionally mitotic divisions can be 
seen, but the nuclei enter the unexpanded phase as soon as the reserve sub- 
stances begin to accumulate. Oil plastids of the same type as those seen in 
the zygospores are found in the chlamydospores and the same relationship 
between oil plastids and mitochondria has been observed. 

Mucor hiemalis Wehmer. This is a heterothallic species very closely 
related to Mucor genevensis^ previously investigated cytologically by Moreau 
(19) and Ling Young (17). Both these authors find that in all stages investi- 
gated by them the nuclear behavior is completely similar in both species. In 
the strain of M, hiemalis used here all the sexual and asexual stages investi- 
gated were entirely similar to the corresponding stages in M, genevensis as 
far as nuclear behavior was concerned, and the species could not be distin- 
guished cytologically. 

The problem of sex segregation in this form presents certain peculiar 
aspects. The sporangiospores of any given germ sporangium produce, upon 
germination, mycelium which is entirely of one sex or the other. To date no 
sporangia have been found which contain spores of both sexes. In other 
words, segregation of sex is complete at the time of reduction division. This 
is unusual in that no plausible explanation has presented itself why oi^ly 
spores of one sex should persist at the expense of spores of the other sex in 
any given germ sporangium. The conditions affecting this phenomenfin are 
as yet problematical and further investigation is necessary. 
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Parasitella simplex Bainier. This species, encountered as a parasite 
upon various genera of the Mucorales, resembles very closely some of the 
species in the Ha{jemia section of Mucor, Taxonomically it is particularly 
close to M, hiemalis Wehmer. From these it can be distinguished by its habit 
of forming curious galls or ‘‘sikyospores” upon the hyphae of species of the 
Mucorales with which it comes in contact. Burgeff (5) and Satina and 
Blakeslee (24) have investigated this phenomenon in detail. Burgeff has also 
carried out a cytological examination of the nuclear behavior in these galls. 
As far as can be determined, the nuclear condition has not been followed 
through the development of the zygospore of Paraaitella^ although Burgeff 
has discussed the development of the zygospore from a morphological point 
of view. , 

In our material of ParaMtella zygospores were formed in small numbers, 
and were in all respects identical to those described by Burgeff, with the 
exception that in our cultures no spores were found bearing the AbfiidiaAike 
outgrowths from their suspensors which Burgeff has illustrated for some of 
his material. 

The nuclear condition in this strain of Parasitella differs in no way from 
that previously described in M. genevensis and M. hiemalis. Germination of 
the zygospores proceeds along the same pattern and occurs within the same 
time range. Parasitella simplex differs in only a few minor morphological 
details from M, hiemalis and cannot be differentiated, in our strains at least, 
on a cytological basis. 

Zygorhynchus dangeardi Moreau. A detailed review of all the literature 
pertaining to Zygorhynchus will not be attempted, since Green (9) has pre- 
sented a comprehensive account of the progress of this work up to 1927. The 

Explanation of figures 17-27, Zygorhynchus dangeardi; and of 
figures 28-36, Absidia spinosa 

Fig. 17. Progametangia in contact (Chamberlain ; Cahal-Brozek). x660. Fio. 18. 
Zygospore 8 hours old (Flemming’s; Haematoxylin). x 660. Fig. 19. Zygospore 15 hours 
old, some nuclei degenerating (Flemming’s; Triple). x660. Fig. 20. Zygospore 3 days 
old; fusion nuclei in expanded phase; oil plastids developing (Flemming’s; Ilaema- 
toxylin). x 660. Fig. 21. Zygospore 6 days old; cytoplasm becoming vacuolate and oil 
plastids numerous (Craf; Haematoxylin). x 660. Fig. 22. Dormant zygospore; nuclei 
unexpanded (F.A.A.; Buffer), x 660. Fig. 23. Germinating zygospore 78 days old; mitotic 
divisions in germ tujje (Flemming’s; Triple), x 660. Figs. 24-26. Sporangium develop- 
ment (Flemming’s; Triple). x660. Fig. 27. Sporangiospores 2 weeks old; nuclei \mex- 
panded (F.A.A.; Buffer), x 1000. Fig. 28. Zygospore 16 hours old, unfused nuclei in ex- 
panded phase (ilemming’s; Feulgcn). x660. Fig. 29. Zygospore 7 days old; 5 fusion 
nuclei in prophase of first meiotic division; oil plastids developing (Craf; Haematoxylin). 
X 660. Fig. 30. Zygospore 3 days old ; fusion nuclei in expanded phase ; oil plastids numer- 
ous (F.A.A.; Cahal-Brozek). x660. Fig. 31. Sporangiospores (F.A.A.; Buffer), x 1000. 
Figs. 32-34. Prophase stages of first meiotic division in zygospores 7 days old ; the large 
nucleolus-like bodies probably represent developing oil plastids (Craf; Haematoxylin). 
X3100. Fig. 35. Metaphase of first meiotic division (Craf; Haematoxylin). x 3100. Fig. 
36. Anaphase of mitotic division in vegetative mycelium (Craf; Haematoxylin). x 3100. 
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only important contribution which has appeared since that time is Ling 
Young ^s (17) account of the nuclear behavior in Z, moelleri, Z. macrocarpus, 
and Z. dangeardi in 1930. No attention will be given to the morphological 
development of the fungus, this having been adequately described by Atkin- 
son (1), Blakeslee (3), Green (9), and other workers. 

The nuclear behavior in Z. dangeardi has been discussed by Moreau (19) . 
He points out that it differs from its close relative, Z. moelleri VuilL, in that 
the number of fusion nuclei in the zygospore is greatly reduced. In some 
cases there are only four fusion nuclei present in the zygospore prior to the 
onset of the dormant condition. Nuclear fusion also takes place at a later 
stage in zygospore development than in Z. moelleri Vuill. In Z. macrocarpus 
Ling Young, which according to its author (17) resembles Z. dangeardi very 
closely in its morphological characters, the nuclear behavior follows the same 
pattern as that in Z. moelleri; that is to say the number of fusion nuclei are 
not particularly reduced as in Z. dangeardi. 

In the zygophores and young progametangia of the present strain of 
Z. dangeardi, expanded, unfused nuclei are present in fair numbers. It 
should be emphasized, however, that the cytoplasm of all the species of 
Zygorhynchus does not possess the extremely large number of very minute 
nuclei which are characteristic of such genera as Rhizopus, Phycomyces, 
and Bporodinia. The nuclei are also somewhat larger in proportion to the 
thallus size than in the aforementioned genera. As the progametangia de- 
velop, and the suspensors are delimited by the typical cleavage furrow which 
develops in the form of a closing diaphragm, sporadic mitotic divisions are 
apparent. The nuclei in these young sex organs do not, however, become pro- 
portionately more numerous than in the zygophores (fig. 17). In the young 
coenozygote the number of nuclei is not large, and there is no evidence that 
any nuclear degeneration has yet occurred. As the exospore matures, nuclei 
may be observed which are fused, associated in pairs, or unfused. All nuclei 
are still in the expanded condition. Nuclear fusions occur until about the 
sixth day after the appearance of the exospore when apparently all the 
nuclei which entered the young coenozygote have fused in pairs (fig. 20). 
No indication of the degeneration of any nuclei has been observed in this 
species. The number of fusion nuclei present varies with the size of the spore, 
but is never large. On the average 10-12 fusion nuclei are present in most 
zygospores at this time. 

Oil plastids are developed rather sparingly in this species, and arise in 
the same manner as that described for Mucor genevensis (fig. 21). They per- 
sist through the resting period gf the zygote and disappear shortly before 
geriqination. The zygospores enter the dormant period at the end of about 
eight days when the hyaline endospore becomes fully differentiated. Eeduc- 
tion division has presumably occurred just prior to this stage, for in zygo- 
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spores 10-15 days old approximately 40-50 small, apparently unfused nuclei 
are present. These soon change from the expanded to the unexpanded phase 
and persist in this condition until the time of germination (fig. 22). 

As far as can be determined the germination process has not been pre- 
viously observed in Z. dangeardi. The zygospores are capable of germination 
after a resting period of about 40 days and retain their viability for at least 
six months. At the expiration of the rest period the cytoplasm becomes very 
foamy, the oil plastids disappear and the nuclei resume the expanded con- 
dition and undergo mitosis. Shortly the zygospore walls are ruptured and 
one or more branching germ tubes are put forth (fig. 23). These germ tubes, 
like those of Blakeslea trkpora, develop an extensive nutritive mycelium 
before any sporangiophores are produced. All attempts to induce these germ 
tubes to develop directly into sporangiophores have failed. The spores of the 
germ sporangium are all hornothallic. 

Development of the sporangiophore and sporangium in this genus is in 
almost all respects similar to that described in Mucor genevensis (figs. 24- 
26). The number of nuclei per sporangiospore is smaller (fig. 27), usually 
3-5 nuclei being incorporated in each spore. In some cases the sporangial 
membrane becomes very finely echinulate with spicule-like projections of 
calcium oxalate arising from its outer surface. Occasionally a sporangium 
was observed in which segmentation of the cytoplasm into individual spores 
had not taken place, and the sporangium had matured with the cytoplasm 
remaining as a single unit. The columella of this type of sporangium usually 
is not developed, in which case the resulting structure resembled an azg 3 " 0 - 
spore save that the exospore and suspensor were not well developed. This 
phenomenon illustrates the probable homology of the sexual and asexual 
generations, and possibly indicates the direction in which the evolution of 
the asexual sporangium from the sexual zygospore proceeded. Chlamydo- 
spores, although not frequent in this species, are developed in the usual 
manner when present. 

Zygorhynchus moelleri Vuill. The development of this species has been 
investigated at length by Green (9), Moreau (19), Gruber (10), Atkinson 
(1), Ling Young (17) and others. Moreau points out that in Z. moelleri 
reduction in the number of fusion nuclei is not so pronounced as in Z. 
dangeardi, and he feels that reduction division occurs at the time of zygo- 
spore germination although he was not able to demonstrate this process. 
Ling Young’s (17) results are in accord with those of Moreau. Green (9) 
was unable to complete a satisfactory cytological study of nuclear behavior 
in the zygospore because of the small size of the nuclei. 

In the strain of Z. moelleri used here, there were usually more fusion 
nuclei present in proportion to the size of the zygospore than were observed 
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at corresponding stages in Z. dangeardi, but the difference is not consistent 
and certainly does not warrant specific distinction. The remaining stages in 
the life history were similar in all details to those already described in Z. 
dangeardi. As far as could be determined from nuclear number and volume, 
reduction division occurs prior to the dormant period, and no evidence was 
encountered to support Moreau’s hypothesis that this process takes place 
during the germination of the zygote. 

Zygorhynchus vuilleminii Namysl. The nuclear behavior in this species 
has not been previously investigated thoroughly, although Namyslowski (20) 
has discussed at length the conditions necessary for gametic reproduction. 
Ling Young (17) in the course of a general discussion of the nuclear be- 
havior in the Mucorales mentions that the nuclear condition in tliis species 
is similar to that of Z. moelleri. In the material studied here the nuclear con- 
dition differed in no appreciable way from that in Z. moelleri. Except for 
minor differences in colony color and zygospore ornamentation there are 
apparently no reliable criteria for separating them. Since these characters 
appear somewhat variable the taxonomic validity of the two species may be 
questioned. 

Zygorhynchus vuilleminii var. agamus Namysl. This variety of Zygo- 
rhynchus vuilleminii is a predominately apandrous strain in which the 
majority of zygospores develop without the presence of the smaller oivmale 
gametangium. In this material only a very occasional zygospore could be 


Explanation of figures 37-55, Blakeslea trispora; and of 
figures 56-60, Zygorhynchus vuilleminii var. agamus 

Fig. 37. Progametangial initials in contact ( Flemming Hacmatoxylin). x 415. 
Fig. 38. Gametangia with intervening wall dissolved ( Flemming ^s; Hacmatoxylin). x 415. 
Fig. 39. Young coenozygote; nuclei enlarging prior to fusion (Flemming's; Haematoxy- 
lin). X 415. Fig. 40. Older coenozygote showing several paired nuclei, and several degen- 
erating nuclei (F.A.A.; Cahal-Brozek). x415. Fig. 41. Zygospore with fusion nuclei in 
expanded phase; cytoplasm becoming vacuolate (Chamberlain's; Triple). x415. Fig. 42. 
Zygospore 6 days old with fusion nuclei and oil plastids becoming numerous (F.A.A.; 
Buffer). x415. Fig. 43. Zygospore in dormant condition; nuclei unexpanded (F.A.A.; 
Buffer). x415. Fig. 44. Germinating zygospore (Gilson's; Feulgen). x 415. Fig. 45. 
Hyphal body with vegetative nuclei in expanded phase (Flemming's; Ilaematoxylin). 
X 750. Fig. 46. Sporangium without columella; spores forming (S.M.C. ; Feulgen). x 415. 
Figs. 47-49. Sporangiola formation (Flemming's; Triple). x415. Fio. 50. Young spo- 
rangiophores ; nuclei expanded (F.A.A.; Buffer). x415, Fio. 51. Mature sporangiospores ; 
nuclei unexpanded (F.A.A.; Buffer). x415. Fig. 52. Intercalary chlaraydospore (F.A.A.; 
Buffer). x415. Fig. 53. Young terminal chlamydospore ; nuclei expanded; 1 nucleus with 
2 central bodies (Flemming's; Hacmatoxylin). x 600. Fig. 54. Amitotic divisions in 
columella of sporangiophore, (Flemming's; Feulgen). x 1350. Fig. 55. Mitotic prophase, 
metaphase and anaphase in hyphae (Stemming 's ; Triple) . x 1350. Fig. 56. Azygospore 
forming (Chamberlain's; Triple), x 660. Fig. 57. Azygospore 1 day old (Flemming's; 
Triple). x660. Fio. 68. Azygospore 7 days old; endospore not yet formed (Chamber- 
lain’s; Cahal-Brozek). x660. Fig. 59. Dormant azygospore (Gilson's; Feulgen). x660. 
Fig. 60. Germinating azygospore (Flemming's; Triple). x660. 
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found which possessed two authentic suspensors. When undoubted sexual 
reproduction occurred the nuclear condition followed the same pattern as in 
Z. vuilleminiL In all the studies made on these azygospores the material was 
carefully examined before fixation and any zygospores were rejected, in 
order that a more nearly exact conception of nuclear behavior in a typically 
azygous Mucor might be obtained. 

The early stages in the formation of the azygospores closely resembled 
those encountered in the zygospores. The larger progametangium (fig. 56) 
grows out from the zygosporic hyphae and quite frequently manifests a 
weak zygotrophism towards the portion of the zygophore where the smaller 
or oppositely sexed progametangium would normally be developed. This 
would indicate that the apandrous condition is a degenerate one and that 
in certain cases the localization of opposed sexual tendencies has not been 
completely lost. 

The nuclear situation in the larger progametangium is the same as that 
in the corresponding gametangium of the normal strain. The nuclei through 
all the developmental stages remain in the expanded phase. When the game- 
tangium has reached its maximum size a heavy, characteristically decorated 
exospore wall is laid down and the cytoplasm becomes vacuolate, whereupon 
oil begins to accumulate in the vacuole (figs. 57, 58). The prominent oil 
plastids seen in the zygotes of other species investigated have not been en- 
countered in the azygospores, although they are developed in the occasicgial 
zygospores that are formed on this strain. Inasmuch a‘s no nuclear fusions of 
an 3 " type have been encountered in these azygospores it may be possible that 
the presence of oil plastids is in some way correlated with the presence of 
nuclear fusions in the zygospore, since they ai’e apparent in all species where 
nuclear fusions have been demonstrated, while they occur very rarely in the 
present variety and in species such as Sporodinia grandis where nuclear 
fusions have not been observed. The fact that these plastids were observed in 
conjunction with the meiotic nuclei in Absidia spinosa is also significant in 
this connection. 

The azygospore enters the dormant period with the appearance of the 
hyaline endospore when about eight days old (fig. 59). The resting period 
lasts approximately 30 days. Germination takes place in the same manner 
described for the zygospores of Z, dangeardi (fig. 60). Since no nuclear 
fusion has ever been observed in this form and since, presumably, nuclei of 
only one sex are present in the azygospore, germination appears to be almost 
certainly apomictic. As pointed out above, the infrequent presence of a true 
zygospore in this strain ; the fact that all intergrades between typical sexual 
reproduction and the apomictic development of the azygospores can be 
demonstrated; and Namyslowski^s report of an occasional culture of this 
strain in which gametic reproduction is completely suppressed ; all point to 
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the conclusions that in this case the absence of a true sexual reaction is an 
advanced condition, and that the presence of the sexual reaction is, in 
Zygorhynchus at least, the primitive condition. Attempts have been made to 
induce a sexual response between this apandrous strain of Z. vuilleminii and 
sexuaJly potent strains of heterothallic species such as Mucor hiemalis with 
very indifferent success. All the evidence indicates that this strain is prac- 
tically impotent. This might be further interpreted as proof of the conten- 
tion that, in the Mucorales, heterothallism is the primitive condition, and the 
assumption of homothallism, which may ultimately be followed by the devel- 
opment of apomictic and finally sexually sterile races, represents an ad- 
vanced condition. 

Absidia spinosa Lendner. This homothallic species has been investigated 
eytologically only by Moreau (19) and Ling Young (17). Moreau reports 
the nuclear condition as similar to that described by him in Mticor gene- 
ve7isis, and Ling Young corroborates him. 

The zygospores in this material were very markedly heterogamic, and 
upon the larger of the two suspensors several long, circinately curved ap- 
pendages are produced. As the progametangia develop, they push the zygo- 
sporie filaments apart, and very shortly after the initial contact is estab- 
lished the suspensors are delimited from the progametangia by transverse 
walls. These walls in development simulate a closing diaphragm and are 
formed by a circular cleavage furrow which develops inward from the 
periphery of the progametangial cell. Since the progametangia are minute 
at the time when the suspensors are separated from them, it seems probable 
that these separating walls do not close until a later stage in development. 
Shortly after the suspensors are delimited, and before the formation of the 
coenozygote, the appendages of the larger suspensor arise as buds upon its 
surface. These buds receive nuclei from the suspensors and grow very 
rapidly, ultimately attaining a length several times that of the zygospore, 
which is enclosed within these structures. Mitoses of the usual type take 
place within the developing appendages, but as they reach maturity and 
cytoplasmic activity ceases amitotic divisions become evident. The appen- 
dage walls become much thickened but an open connection is apparently 
always maintained with the interior of the suspensor (fig. 28). In mature 
appendages the cytoplasm appears to be evacuated through this opening, 
back into the suspensor leaving only the rigid appendage wall present. 
Regeneration experiments, in which the appendages were dissected from the 
suspensors and isolated on nutrient media, indicate that these appendages 
are not capable of renewed growth after the heavy wall has been deposited, 
thus suggesting that the cytoplasm has degenerated or been completely re- 
moved. This may be further indication that amitotic nuclear divisions are 
characteristic of degenerating cytoplasm. 
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As the cytoplasm of the gametangia mingles to form the coenozygote, the 
nuclei present in the fusion cell enlarge in size, but no further nuclear divi- 
sions are evident ; hence the number of nuclei in the coenozygote is not large 
in comparison with such a form as Rhizopus nigricans, in which very rapid 
nuclear divisions take place at this stage. These unfused nuclei remain in 
this slightly enlarged expanded state until the exospore wall has been de- 
posited (fig. 28), but a marked association of the nuclei in pairs such as is 
evident in Blakeslea trispora (fig. 40) has not been seen. Soon after the 
deposition of the exospore wall, which generally occurs in coenozygotes 15- 
20 hours old, nuclear fusion takes place and as far as could be determined, 
all the nuclei present in the cell fuse in pairs. No evidence whatever has 
been seen of the degeneration of unfused nuclei. The fusion nuclei* persist 
in the expanded state until the zygospore is about six days old (fig. 30), 
during which time vacuoles and oil plastids begin to make their appearance 
in the cytoplasm. 

The best evidence of the nature of the meiotic divisions in the Mucorales 
has been obtained from studies of division figures in this species. In zygo- 
spores 6 to 7 days old nuclear figures which show all the characteristics of 
meiotic prophases and metaphases have been observed. Figures 29, 63 illus- 
trate a zygospore in which a metaphase and three prophases are visible. 
Figures 32-35 illustrate the individual stages. It will be noted that these 
meiotic nuclei are many times the size of the usual vegetative nuclei and that 
the chromosomes are clearly visible. Since the chromosomes are so markedly 
enlarged beyond the size of the vegetative nucleus, and since in the nuclei 
shown in figures 32-35 no indication of any achromatic spindle could be dis- 
cerned, these figures have been tentatively identified as late diakinesis stages. 
The large nucleolus-like structure present in these figures proves particu- 
larly difiScult to interpret. The similarity of these structures to the develop- 
ing oil plastids scattered through the zygospore at this stage raises grave 
doubts of the possible interpretation of them as nucleoli. As yet no funda- 
mental difference between these structures and the young oil plastids have 
been demonstrated. The arrangement of the chromosomes in a plate suggests 
that figure 35 is a prometaphase in which the spindle has not been fully 
developed, while the lack of a nucleolus-like body in this figure might give 
further support to this contention. However, as pointed out above, too much 
significance cannot at present be attached to the presence or absence within 
the nuclear vacuole of these putative nucleoli. In the light of present evi- 
dence they appear to be oil plastids which have arisen within the nucleus. 
Their presence in these figures and' their similarity to the other oil plastids 
in the cell gives added credence to Baird’s contention (2) that these struc- 
tures which, in Phycomyces hlakesleeanus, he terms ‘‘reserve bodies,” arise 
within the nuclei and are filled with stainable substances elaborated by the 
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Fia. 61. Mucor genevensts, Unfused nuclei in zygospore 3 days old (Gilson’s; Haema- 
toxylin). x 700. Fig. 62. Mucor genevensis. Fusion nuclei in zygospore 6 days old (Flem- 
ming’s; Triple), x 700. Fio. 63. Abstdta sptnosa. Prophases of first meiotic division |n 
zygospore 7 days old; oil plastids beginning to accumulate (Craf; Hacmatoxylin). x 700. 
Fig. 64. Abstdta sptnosa. Dormant zygospore; nuclei in unexpanded phase (S.M.C.; Feul- 
gen), X 700. Fig. 66. Abstdta sptnosa. Developing oil plastids in zygospore 9 dcfys old; 
the cloudy appearance is caused by numerous mitochondria scattered in the cytoplasm 
(Zirkle's; Haematoxylin). x 700. Fio. 66. Abstdta sptnosa. Oil plastids in zygospore 12 
days old; the chromosome-like bodies in the plastids are probably fixation artifacts (Craf; 
Buffer). X 700. 
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latter. If this is the correct interpretation and these structures merely rep- 
resent young oil plastids, then the meiotic nuclei must be considered as 
anucleolate. Further investigation will be necessary to evaluate this sup- 
position. 

The chromosome number in all figures where it could be determined was 
consistently 12. Inasmuch as these figures have been interpreted as prophases 
of the first meiotic division the somatic chromosome number in Ahsidia 
spinosa is probably 12. This is significant in the light of Burgeff ^s (4) re- 
marks concerning the chromosome number in Phy corny ces blakesleeanus. 
In division figures which he interpreted as anaphases of the first meiotic 
division he estimated 24 chromosomes to be present. It is a point of interest 
that these two species should correspond in their chromosome numbers. 

Subsequent stages in the meiotic division have as yet not been clearly 
demonstrated. Shortly after the stage in zygospore development, Avhere these 
division figures were found, has been reached, the large fusion nuclei dis- 
appear, and about twice the number of smaller apparently haploid nuclei 
are present (fig. 64). This is the same situation which has been found in the 
species discussed above and in Blakeslea trispora, where as the zj^^gospore 
enters the dormant i^eriod apparently unfused, unexpanded nuclei make 
their appearance. From these circumstances it has been inferred that the 
meiotic divisions occur very rapidly just prior to the time when the zygo- 
spore enters the dormant condition. At this stage the oil plastids become 
very numerous and tend to obscure most of the cytblogical details (figs. 65, 
66). The subsequent development and germination of the zygospore of A, 
spinosa differs in no essential from that already described in Mncor gene- 
vensis. 

Germination of the zygospore takes place after a dormant period of 3-4 
months. The germ tube takes the form of an arching stolon upon which a 
single, or occasionally several fasicles, of sporangia are born. This primary 
stolon will, if placed upon a nutrient medium, develop rhizoids at its point 
of contact with the substratum, and thus build up an extensive mycelium 
before the spores in the germ sporangia are shed. The sporangiospores pro- 
duced in these germ sporangia are all homothallic. The development of the 
asexual sporangia is similar to that described in the other forms studied here, 
save that the initial cytoplasmic segmentation is carried even further, so that 
many uninucleate sporangiospores are produced. In fact in this strain of 
4. spinosa uninucleated spores appear to be the rule rather than the excep- 
tion, as they are in most other mucors. It will be noted that the nuclear be- 
havior in A. spinosa varies in many respects from that which will be re- 
ported in a subsequent paper for Ahsidia glauca and Tieghemella coerulea, 
two species previously considered very closely related to A, spinosa. 

Blakhslea trispora Thaxter. Thaxter (28) has described the develop- 
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ment of the asexual fructificjations of this species, and placed it in the 
Choanephoraceae. Weber and Wolf (29) have demonstrated the hetero- 
thallic nature of the species, and discussed the formation of the zyp:osporic 
stag:e. No cytological investigations have been carried out on this form al- 
though Wolf (30) has made a partial study of the nuclear condition in the 
closely related Choanephora cucurbitarum. 

The nucleus of Blakeslea is larger and more conspicuous than in any of 
the other Mucorales included in this study. In the expanded condition it may 
reach in some stages a diameter of 4 microns (fig. 53). The number of nuclei 
in the thallus is fewer than in the less highly specialized species of this order, 
which probably indicates an advance towards the condition encountered in 
the higher fungi. In mitosis the achromatic spindle is well developed (fig. 
55), but individual chromosomes have not been distinguished. 

The formation of the sporangium takes place in much the same manner 
described by Harper (11) for Sporodinia, except that a columella is not 
regularly formed. The tip of a sporangiophore swells, assuming a more or 
less spherical shape. The cytoplasm of this sporangial fundament becomes 
very dense and many nuclei in the expanded condition accumulate within it. 
Most of these nuclei arise by mitotic divisions from nuclei already present in 
the fundament. No particular zonation of the nuclei such as is common in 
the sporangial fundament of most mucors has been observed here. When the 
sporangium has assumed its maximum size, numerous narrow vacuoles cut 
the protoplasm into polyhedral multinucleate segments. The vacuoles then 
become filled with a substance having a glassy, homogeneous appearance. 
Shortly thereafter the multinucleate segments begin to round up and de- 
velop a heavy, dark, longitudinally striate wall (fig. 46). At the poles of each 
spore a group of fine hair-like appendages radiate outwards from a small 
cap-like mass on the surface of the spore (fig. 51). These appendages could 
only be distinguished in mature spores freed from the sporangial wall and 
could never be demonstrated upon immature spore initials within the spor- 
angium. Consequently their origin remains obscure, although Thaxter (28) 
feels that they are formed from the intersporal substance. 

When a columella is developed in the sporangium, it is cut out by vacu- 
oles at the same time that the spore initials are formed. There was no indi- 
cation in any of the material studied that a sterile region was present on the 
site of the columella prior to the formation of the columella wall. This is a 
more primitive condition than that in Mucor genevensis and approaches the 
type seen in Mortierella where no columella is formed. No septum is formed 
between sporangiophore and columella (fig. 46). 

The formation of the sporangiola presents several interesting features. 
The sporangiophore, instead of producing a single terminal swelling as in 
sporangium formation, develops instead numerous curiously constricted 
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dichotomous branches. Septa do not develop at the constrictions. The ulti- 
mate dichotomies develop terminal swellings, into which a few nuclei are 
carried by cytoplasmic streaming. These nuclei undergo several mitotic divi- 
sions and come to occupy a peripheral position in the swollen primary head. 
The center of this head becomes highly vacuolate, and is apparently entirely 
devoid of nuclei. Upon its surface numerous small swellings arise and en- 
large rapidly to form the fundaments of the sporangiola. 

The base of the sporangiolum fundament is very narrow and forms a 
short but distinct stalk. The nuclei of the primary head migrate through this 
basal stalk into the developing sporangiolum. As far as could be determined 
no nuclear division takes place within the sporangiolum, the entire nuclear 
complement of this structure being derived from the primary head. As the 
sporangiolum approaches its maximum development, longitudinally dis- 
posed vacuoles appear which soon separate the cytoplasm into several multi- 
nucleate segments (fig. 47). The number of segments is usually three, but as 
Thaxter (28) points out, a secondarj^ cleavage may result in more than this 
number of spores being formed. Spore formation after this point differs in 
no appreciable way from that in the sporangium. As the spores are develop- 
ing, the basal stalk of the sporangiolum loses its (cytoplasmic contents and 
forms an almost spherical vesicle which functions as a sterigma (fig. 48). 

As Thaxter and Weber and Wolf have indicated, all stages of inter- 
gradation between sporangia and sporangiola may be found in a single <5ul- 
ture of this species. It is clear that these structures are ([uite homologous and 
that the sporangiolum represents an extreme modification of the sporangium. 
The homologies of the curious hyaline, deciduous vesicle formed from the 
basal stalk of the sporangiolum are not so easily interpreted, but it probably 
represents a highly modified prototype of the simple sterigma present in 
Choanephora. 

The progametangial initials are multinucleate and occasional mitotic 
divisions are seen in them. As the progametangia are delimited from the 
intertwined hyphae at the point of contact of the oppositely sexed mycelia, 
they become broadly clavate or somewhat lobulate and their nuclei are in- 
creased by further mitosis. They become somewhat flattened where their tips 
are in contact (fig. 37) and, after a short period where both progametangia 
are enlarging rapidly, the wall between them is dissolved ; at approximately 
the same time the suspensors are delimited from the zygosphoric hyphae 
and from the gametangia by transverse septa (fig. 38). As the wall which 
separates the gametangia is broken down, the contents of the two cells un- 
dergo plasmogamy and continued growth of the fusion cell proceeds. The 
nuclei in the young coenozygote divide mitotically several times^ and there 
come to be approximately 10-20 nuclei in the cell. About 6 hours after the 
formation of the coenozygote most of the nuclei enlarge considerably and 
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approach each other, remaininf^ for some hours associated in pairs (figs. 39, 
40). As the exospore wall appears, about 15 hours after the formation of the 
coenozygote, these paired nuclei fuse. The fusion nuclei remain in the ex- 
panded phase and at this stage are the most conspicuous bodies in the young 
zygospore. Very shortly after fusion takes place the cytoplasm becomes vacu- 
olate and oil plastids make their appearance and lie scattered at random in 
the cell (fig. 41). These oil plastids contain a bright orange oily substance 
which imparts the characteristic color to the zygospores. The fusion nuclei 
remain in the expanded state until the zygospore is at least 6 days old (fig. 
42). During this period the oil plastids tend to group around the central 
vacuoles in the cell, so that when view^ed externally the spore appears to 
contain a single oil globule. 

Between the sixth and tenth day after the formation of the coenozygote 
the expanded fusion nuclei disappear and smaller apparently unfused nuclei 
become evident. These smaller nuclei are several times as numerous as the 
fusion nuclei. Although the actual divisions were not seen, it is thought prob- 
able that meiosis occurred at this point and that these smaller nuclei are 
haploid. At this iioint the abundance of oil plastids in the cell renders the 
interpretation of nuclear structures somewhat hazardous. Shortly after this 
point the haploid nuclei assume the unexpanded phase, the oil plastids ac- 
cumulate densely in the cytoplasm and the zygospore enters the dormant 
condition (fig. 43). No further changes ensue until germination. The be- 
havior of the mitochondrial elements during the formation and development 
of the coenozygote follows the course described for the preceding species, 
and show the same connection with the oil plastids. 

Germination of the zygospores takes place in the third month after their 
formation, and is identical with that seen in the species of Zygorhynchus 
studied (fig. 44). The germ tube does not form a sporangium directly, but 
produces instead an extensive submerged vegetative mycelium which ulti- 
mately bears sporangiophores. Repeated attempts have been made to induce 
the germ tube to develoxi directly into a .sporangiophore by isolating germi- 
nating zygospores upon non-nutrient and solid substrates, but all the germ 
tubes aborted and no further growth ensued. Tt seems possible that the lim- 
ited amount of cytoplasm present in these small zygospores may prohibit the 
formation of a complex sporangiophore. Segregation of sex is apparently 
complete at meiosis, all the spores of any given sporangium giving rise to 
mycelium of only one sex. 

DISCUSSION 

A consideration of the nuclear behavior throughout the life cycle of the 
8 species studied here indicates that except for minor differences in size and 
number of nuclei the same basic behavior-pattern is common to all of them. 
The salient features of this pattern are as follows : the haploid condition is 
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maintained throughout the development of the thallus; karyogamy occurs 
during the development of the coenozygote usually as the exospore appears, 
and all the nuclei present in the coenozygote fuse in pairs ; the number of 
the nuclei in the coenozygote is not large, rarely exceeding 100 ; at the time 
of syngamy the nuclei enlarge considerably; no degeneration of unfused 
nuclei is evident; reduction division follows karyogamy closely and takes 
place before the zygote enters the dormant condition ; the dormant period 
persists from 1-6 months, depending upon the species ; at the time of germi- 
nation either a single sporangiophore or an extensive submerged germ my- 
celium is produced by the zygospore ; the spores produced in the germ spo- 
rangia are all of the same sex, indicating that sex segregation has been com- 
plete at the time of meiosis. This type of nuclear behavior in the zygote is 
correlated with a general similarity in the behavior of the nuclei during 
sporangium and sporangiospore formation. A progressive specialization can 
be noted in the amount of cytoplasmic segmentation in the sporangium, dur- 
ing spore formation, from the condition observed in certain cases in Zygo- 
rhynchiis where no cytoplasmic segmentation occurs to that in Absidia 
spinosa where ultimately uninucleate portions of cytoplasm are cut out. 
In the zygospore a somewhat similar situation may be noted in the gradual 
reduction in the number of nuclei incorporated in the coenozygote from the 
condition in Mucor genevensh where many nuclei are present towards that 
in Blakeslea trispora where only a few nuclei enter the developing coeno- 
zygote. This reduction in nuclear number seems, to be associated with an 
increase in nuclear size. It is possible that when further investigations have 
been carried out on intermediate forms valuable clues to the phylogenetic 
development of this group may be obtained from a comparison of nuclear 
behavior in different species. However, with the meagre evidence available 
at present any such phylogenetic speculation seems unwarranted. 

The foregoing study has revealed several points which require further 
investigation before a satisfactory explanation can be offered. Sex segrega- 
tion in some of the heterothallic forms, as outlined under the description of 
Mucor hiemalis, appears quite anomalous. It is probable that due to the small 
size of the nucleus and the obvious impossibility of tracing an individual 
nucleus through the life cycle, a satisfactory answer will only be obtained 
through genetical analysis of the progeny of many zygospore germinations. 
The relationship of the elements of the chondriome to the elaboration of the 
reserve substances in the zygospores, and other resistant structures and in 
particular the relation of the mitochondria to the developing oil plastids 
needs further study. The possible connection between the oil plastids and 
the syngamic nuclei must also be considered. Further investigations along 
these lines are contemplated. A subsequent paper in this series will outline 
the nuclear behavior in 6 additional species of the Mucorales. 
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SUMMARY 

1. By the use of several techniques not previously applied to this group 
the nuclear behavior in 9 species of the Mucorales is traced through all the 
stages in the life history. 

2. Tn these species, with the exception of minor differences in nuclear 
number and size, the same basic behavior is observed at all stages. This will 
be referred to as the ^^Mucor pattern” of nuclear behavior. 

3. In the ^^Mucor pattern” all functional zygospore nuclei undergo kary- 
ogamy followed by immediate reduction division prior to the onset of dor- 
mancy in the zygospore. Segregation of sex is complete in the heterothallic 
species at meiosis. 

4. In an azygous variety, Zygorhynchtis vnilleminii var. agamiis, no 
nuclear fusion or reduction is encountered in the azygospore which, in this 
case, cannot be regarded as a true sexual spore. 

5. The relationship of the ehondriome to the deposition of reserve sub- 
stances is discussed and the possible connection between the mitochondria 
and the developing oil plastids is suggested. 

Department op Botany, Cornell University 
Ithaca, New York 
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VITAMIN DEFICIENCIES OF TRICHOPHYTON DISCOIDES 

William J. Robbins, Juan E. Mackinnon and Roberta Ma 

Mackinnon (8) reported that strains of Actinomyces stimulated the 
{?rowth of Trichophyto7i discoides on a {?luc*ose-peptone agar. He found 
that the addition of thiamine to the agar medium had the same effect as 
Actinomyces on the growth of Trichophyton, and called attention to the con- 
siderable variation in the character of colony growth produced by the addi- 
tion of thiamine to a glucose-peptone agar. Prom his results it appears that 
T, discoides suffers from a thiamine deficiency which is not satisfied by the 
thiamine in peptone^ in the amount used, but is by thiamine synthesized by 
Actinomyces albus. 

The present paper is a further report on the nutritional requirements 
of Trichophyton discoides Sabouraud, with special reference to its vitamin 
deficiencies. Part of the experimental work was performed at the Institute of 
Hygiene in Montevideo, Uruguay, and the balance at the New York Botanical 
Garden. 

MATERIALS AND METHODS 

The strain of T. discoides originally employed by Mackinnon was used 
in all experiments. Unless otherwise indicated the organism was grown at 
35° C. on agar slopes in pyrex test tubes, 20 x 150 mm. Each tube contained 
8 ml. of a basal medium composed per liter of 50 g. dextrose, 1.5 g. KH2PO4, 
0.5 g. MgS04 7H2O, 2.0 g. asparagine, and 15 g. purified agar. To this 
medium the following trace elements in p.p.m. were added : 0.005 B, 0.02 Cu, 
0.1 Fe, 0.01 Ga, 0.01 Mn, 0.01 Mo, and 0.09 Zn. The dextrose was Corn 
Products C.P. The asparagine was purified by treatment with Norit A and 
recrystallization from redistilled alcohol. The agar was purified by extrac- 
tion with aqueous pyridine and alcohol (14). The stock cultures were main- 
tained on the basal medium to which 10 mp moles of thiamine and 100 mg. of 
neopeptone were added to each tube. Inoculations were made by transfer- 
ring from a stock culture a bit of mycelium about the size of a pinhead. 

In estimating the effects of various media on the growth of Tricho- 
phyton observations were made at intervals on the character of the growth 
and colony diameters were measured. 

EXPERIMENTS 

Relation to Thiamine and its Intermediates. T. discoides was found 

1 Robbins and Schmidt (12) found peptone to have a small amount of thiamine or 
its intermediates. 
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to require molecular thiamine. Its thiamine deficiency could not be satisfied 
by pyrimidine,* by thiazole or by a mixture of the two intermediates. 

This was determined by testing the effect of thiamine and its intermedi- 
ates on the growth of the organism on a dextrose-peptone medium. Although 
bacto-peptone contains little thiamine, the small amount present was de- 
stroyed by heating the peptone under alkaline conditions. A 33.3 per cent 
solution of peptone was heated at pH 10.0 for 20 minutes at 135° C. The 
reaction was then adjusted to pH 7.0. Tests with Phytophthora cinnamomi 
demonstrated that this treatment destroyed all, or very nearly all, the 
thiamine originally present in the peptone. A medium was prepared contain- 
ing per liter 18 g. agar, 40 g. dextrose, and 30 ml. of the heated peptone’^ 
solution. Fifty ml. of this medium or the same medium supplemented with 
thiamine or its intermediates were placed in flasks with a flat side'5 cm. by 
14 cm. After sterilization the media were inoculated with T. discoides. The 
experiment was performed in triplicate and the results are given in table 1. 
Good growth was obtained only in those flawsks to which thiamine was added; 
in fact pyrimidine at the amounts used appeared to be somewhat toxic. 


TABLE 1. Effect of thiamine and Uh intermediates on growth of Trichophyton 
discoides on a dextrose-agar medium containing peptone heated under alkaline con- 
ditions to destroy thiamine 


Additions to basal medium containing 
heated peptone 

Development of Trichophyton 

None 

Scanty glabrous growth. 

100 or 1000 nl^ moles thiamine 

Velvety colonies measuring 15 to 20 cm. 
in diameter after 15 days. 

100 or 1000 mp, moles thiazole 

Scanty glabrous growth. 

100 or 1000 mp, moles pyrimidine 

No growth. 

100 mp, moles of thiazole and of pyrim- 
idine or 1000 mji moles each 

No growth. 


In a second experiment 20 ml. of the medium were used in Brlenmeyer 
flasks. Thiamine or its intermediates were added in amounts of 1, 5, and 20 
mp moles per flask. Abundant growth was obtained in those flasks containing 
thiamine; the development was somewhat greater with 5 and 20 m|j moles 
than with 1 mpi mole. Growth in the medium with no supplements was scanty ; 
it was scanty also in the media containing the various amounts of thiazole, 
in those with 1 m|j mole or 5 mpj moles of pyrimidine, and in those with 1 or 5 
mji moles of both intermediates. No growth was observed in the flasks contain- 
ing 20 m^i moles of pyrimidine, again indicating injury from the pyrimidine. 
Other experiments seemed to prove that the inhibitory effect of the pyri- 
midine was reduced or eliminated in media containing sufficient thiamine. 
Study of the apparent antagonism between pyrimidine and thiamine was not 
pursued further. 

2 The terms pyrimidine and thiazole are used in this paper to refer to 2-methyl-5- 
bromo-methyI-6’amino-pyrimidine and 4-methyl-5'p-hydroxyethyl-thiazole respectively. 




1942] 


ROBBINS, MACKINNON AND MA : TRICHOPHYTON 


511 


Relation to Vitamins other than Thiamine. Although T. discoides grew 
quite satisfactorily on a mineral-dextrose-peptone agar supplemented with 
thiamine, it did not grow on the same medium with peptone replaced by 
minerals and asparagine. Evidently peptone supplied something essential 
for the growth of the organism not included in the minerals and asparagine 
by which it was replaced. Peptone is a complex mixture, containing minerals, 
amino acids, and several vitamins as well as other types of organic com- 
pounds. Since asparagine is a good source of nitrogen for most fungi and the 
basal medium contained all the minerals recognized as necessary, our atten- 
tion was naturally directed toward the effect of vitamins other than thiamine. 

A preliminary experiment showed that the addition to the basal medium 
of a mixture of eleven vitamins or vitamin-like substances allowed T, dis- 
coides to grow (table 2). The vitamins were added to each tube in the fol- 


TABLE 2. Effect of various supplements on growth of T. discoides on agar medium 
containing minerals, dextrose, asparagine and thiamine 

See text for composition of vitamin mixture and amino acids. 


Additions to 8 ml. of basal agar 
medium containing 10 nip moles 
thiamine 

Average colony diameter in mm. after 

13 days 

18 days 

None 

0.0 

0.0 

Vitamin mixture 

7.0 

7.5 

0.1 ml. Dr fraction 

0.0 

0.0 

Vitamin mixture and 21 amino acids 
Vitamin mixture, 21 amino acids and 0.1 

7.0 

7.5 

ml. Dr fraction 

10.0 

13.0 

Vitamin mixture and Dr fraction 

10.0 

13.0 

Peptone 100 mg 

16.0 

27.0 


lowing amounts: pimelic acid 10 pg., para-aminobenzoic acid 10 pg., 2- 
methyl-l,4-naphtho-hydroquinone diacetate 5 pg., calcium pantothenate 5 
pg., lactoflavin 10 mp moles, nicotinamide 5 mp moles, thiamine 5 mp moles, 
pyridoxine 5 mp moles, guanine 5 rap moles, hypoxanthine 5 mp moles, and 
/-inosotol 1 mg. The colonies produced in the presence of the vitamins were 
white, velvety, raised several mm., convoluted and with sharp well-defined 
edges. They were not so extensive as those which developed on a thiamine- 
peptone agar where the growth was flatter, less convoluted, and in our experi- 
ments somewhat gray brown in color. 

Relation to Thiamine, Pyridoxine, and I-Inositol. To determine which 
of the eleven vitamins favorably affected the growth of T, discoides the 
organism was grown on the basal medium plus ten of the vitamins, omitting 
one after another of the eleven in turn. For example, one set of tubes con- 
tained all but pimelic acid, another all but para-aminobenzoic acid, a third all 
but calcium pantothenate and so on. It was found that no grcfwth occurred 
when thiamine, pyridoxine, or t-inositol was omitted, even though the 
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other ten vitamins were present. Omission of any one of the other seven had 
little eifect on the growth of the organism. 

It appeared, therefore, that T, discoides suffered from a complete de- 
ficiency for thiamine, pyridoxine and i-inositol. This was confirmed by 
cultivating the organism on the basal medium supplemented per tube with 
5 mjj moles thiamine, 5 mp moles pyridoxine, and 1 mg. i-inositol singly 
and in all possible combinations (table 3). At the same time tubes were pre- 


TABLE 3. Effect of thiamine, pyridoxine, i-inositol and other supplements on growth 
of T, discoides on agar medium containing dextrose, minerals and asparagine 
See text for vitamin mixture. 


Additions to 8 ml. of basal medium 

Average colony diameter in mm. after 

12 days 

23 days 

30 djiys 

5 m |4 moles thiamine 

0.0 

0.0 

0.0 

5 mji moles pyridoxine 

0.0 

0.0 

0.0 

1 mg. t-inositol 

0.0 

0.0 

0.0 

thiamine and pyridoxine 

0.0 

0.0 

0.0 

thiamine and inositol 

0.0 

0.0 

0.0 

pyridoxine and inositol 

4.5 

5.0 

5.0 


(thin) 

(thin) 

(thin) 

thiamine, pyridoxine and inositol 

6.0 

8.5 

14.0 

vitamin mixture 

6.0 

10.0 

11.0 

thiamine and 100 mg. peptone 

22.0 

30.0 

31.0 

thiamine, peptone and inositol 

thiamine, pyridoxine and calcium 

23.0 

32.0 

32.0 

phytate 

4.0 

7.5 

9.0 

(flat) 

(flat) 

(flat*) 


pared containing the basal medium plus the mixture of eleven vitamins in 
the amounts previously given and the basal medium plus 5 m|j moles of 
thiamine and 100 mg. peptone per tube. No growth was observed even after 
more than 30 days in the tubes supplemented with thiamine, with pyridoxine, 
with i-inositol, with thiamine and pyridoxine, or with thiamine and i- 
inositol. A thin, flat, waxy colony developed in the tubes containing the 
basal medium plus pyridoxine and inositol which increased little in size after 
the 12th day of incubation. Sub-cultures from these colonies made at the end 
of 34 days failed to grow on the basal medium supplemented with pyridoxine 
and i-inositol but grew normally on the medium supplemented with thiamine, 
pyridoxine, and i-inositol. We concluded that the small amount of growth on 
the medium supplemented with pyridoxine and i-inositol was the result of a 
minute amount of thiamine carried over with the inoculum. 

Growth on the basal medium plus all three vitamins was quite satisfac- 
tory (fig. 1), and about the same as on the medium supplemented with the 
eleven vitamins. However, growth Ws much more rapid (table 3) on the basal 
medium to which thiamine and peptone were added. This experiment con- 
firmed the conclusion that T. discoides has complete deficiencies for thiamine, 
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pyridoxine and i-inositol. Unless all three of these substances were present in 
the medium no growth occurred. 

Since the fungus grew on the basal medium supplemented with thiamine 
and peptone, it follows that peptone in the amount used supplied sufficient 
pyridoxine and i-inositol or physiologically equivalent substances to satisfy 
the needs of the organism. However, the considerably more rapid growth 
on the peptone medium as compared with that on the medium supplemented 



Fig. 1. Growth of T. dlscoides on a basal mineral-dextrose medium containing 
asparagine and 1.5 per cent purified agar supplemented with (1) thiamine; (2) pyri- 
doxine; (3) i-inositol; (4) thiamine and pyridoxine; (5) thiamine and inositol; (6) 
pyridoxine and inositol; (7) all three vitamins; (8) thiamine and peptone. Age 32 days. 

with the three (or eleven) vitamins suggested that peptone contains some 
unidentified factor or factors important in the development of this 
organism. 

Attempts to Substitute other Vitamin Combinations for Thiamine, 
Pyridoxine, and I-Inositol. In the course of our investigation a consider- 
able number of vitamins alone or in combination were used as supplements 
to the basal medium. Growth was obtained with those combinations only 
which included thiamine, pyridoxine, and i-inositol. In addition to the 
various vitamins tested singly or in combination with negative results and 
reported earlier in this paper, adding the following to the basal medium did 
not permit growth; biotin; thiamine and biotin; pyridoxine and biotin; 
thiamine, pyridoxine, and biotin ; thiamine and hypoxanthine ; thiamine and 
a Du fraction;® thiamine, hypoxanthine and a Dr fraction; thiamine and 
calcium pantothenate ; thiamine, biotin and calcium pantothenate ; thiamine 
and nicotinamide ; thiamine, nicotinamide, and biotin ; thiamine, nicotinam- 
ide, calcium pantothenate, and biotin; para-aminobenzoic acid; calcium 
pantothenate and para-aminobenzoic acid; calcium pantothenate and. para- 
aminobenzoic acid; calcium pantothenate, para-aminobenzoic acid, and 
nicotinamide ; thiamine, calcium pantothenate, para-aminobeuzoic acid, 

3 The Dr fraction is the filtrate from an extract of white potato tubers which has 
been treated with charcoal (13). 
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nicotinamide and biotin; thiamine and pimelic acid; thiamine and lacto- 
flavin; thiamine and 2-methyl-l,4naphtho-hydroquinone diacetate; thiamine, 
lactoflavin, r-inositol, pimelic acid, and 2-methyl-l,4-naphtho-hydroquinone 
diacetate ; thiamine, pimelic acid, para-aminobenzoic acid, 2-methyl-l,4- 
naptho-hydroquinone diacetate, calcium pantothenate, lactoflavin, nicotin- 
amide, guanine, hypoxanthine, i-inositol, and a Dr fraction. 

Relation to Calcium Phytate and an Inositol Phosphatide. Compari- 
sons of growth on the basal medium supplemented with thiamine, pyridoxine, 
and i-inositol, and on the same medium with inositol replaced with an equal 
weight of calcium phytate or a phosphatide containing inositol^ were made. 
To the medium in each tube 5 mpi moles of thiamine, 5 nipi moles of pyridoxine 
and 1 mg. of inositol, calcium phytate or the phosphatide were added. Tricho- 
phyton developed slowly on the medium containing calcium phytate ; there 
was little growth during the first week. At the end of 30 days the colony 
diameter was 9.0 mm. as compared to 14.0 mm. on the medium containing 





Fig. 2. T, diacoides grown on a basal mineral-dextrose medium containing aspara- 
gine and 1.5 per cent purified agar supplemented with (A) thiamine, pyridoxine and 
inositol; (B) thiamine and peptone; (C) eleven vitamins and gelatin hydrolysate; (D) 
thiamine, pyridoxine and a phosphatide; (R) thiamine, pyridoxine and calcium phytate. 
Age 28 days. 

inositol (table 3). The difference in growth was, however, greater than indi- 
cated by the colony diameters. On the phytate medium the colony was flat, 
closely appressed to the agar and with a powdery surface; on the inositol 
medium it was raised 3 or 4 mm. with a velvety surface. The phosphatide 
replaced inositol more nearly than did the calcium phytate. Colony diameters 
on the medium containing the phosphatide were equal to those on the inositol 
medium, but the colony height on the latter medium was 2 or 3 times that 
on the phosphatide medium (fig. 2). Neither calcium phytate nor the 
phosphatide was as satisfactory as inositol. 

Effective Quantities of Thiamine, Pyridoxine, and I-Inositol. The 

effect of the quantity of each of the three vitamins for which T. discoides 

4 The pliosphatide was kindly supplied by D. W. Wooley and is described in a paper 
published by Folch and Wooley (2). 
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shows a complete deficiency was determined by growing the organism on the 
basal agar medium containing a fixed and adequate amount of two of the 
vitamins with different quantities of the third. For inositol the medium 
contained per tube 10 mpi moles of thiamine and 50 m^j moles of pyridoxine 
with 2, 1, 0.5, 0.1, 0.01, and 0.00 inositol; for pyridoxine it contained 10 m|j 
moles of thiamine and 1 mg. of inositol with 50, 10, 1, 0.5, 0.01, 0.001, and 
0.000 mp moles pyridoxine; for thiamine we used 10 mp moles of pyridoxine 
and 1 mg. of inositol with 10, 5, 1, 0.1, 0.01 and 0.000 mp moles of thiamine. 

At the end of two weeks no difference in the growth with from 2.0 to 0.1 
mg. inositol was noticeable, but there was a marked reduction where 0.1 mg. 
was supplied. At the end of a month the growth with 0.5, 1, and 2 mg. inositol 
was about the same. There was a slight reduction with 0.1 mg. and a marked 
reduction with 0.01 mg. per tube; the colonies were flattened and grew 
closely appressed to the agar. There was little growth in the tubes lacking 
inositol, mostly under the agar and probably at the expense of inositol carried 
over with the inoculum (fig. 3). 

In the tubes in which pyridoxine varied little difference in growth was 
noted at the end of two weeks with 50, 10, or 1 mp mole of pyridoxine. There 
was a progressive reduction in growth in the tubes with 0.05 and 0.01 m\x 
mole and little difference between those with 0.001 mq mole and the check. 
At the end of 4 weeks the growth in the tubes with 10 mp moles and 1 mp mole 
of pyridoxine was about the same, but in the former the growth was snow 
white, while in the latter it was somewhat grayish. With 0.05 mp mole there 
was a distinct flattening of the colony, with 0.01 mp mole the colony was re- 
duced in diameter and quite flat, growth with 0.001 mp mole was only slightly 
better than the check (fig, 3). 

At the end of two weeks little difference was noted in the effects of 10, 5, 
and 1 mp mole of thiamine, but with 0.1 and 0.01 mp mole there was a 
progressive reduction in growth. At the end of a month there was no differ- 
ence between the growth in tubes containing 10 and 5 mp moles of thiamine, 
but the colonies appeared grayish with 1 mp mole. With 0.1 mp mole of 
thiamine the colonies were flattened with a raised spot in the center and with 
0.01 mp mole the colonies were thin, grayish and closely appressed to the 
agar. The check showed still less growth (fig. 3). 

It appeared from these results that between 0.1 and 0.5 mg. of inositol 
and between 1 and 10 mp moles of pyridoxine and thiamine per tube gave 
maximum growth of T. discoides for 4 weeks in our basal medium. These 
figures would be reduced for shorter periods of growth. 

Inositol in Agar, Gelatin, and other Natural Products. The ability 
of r. discoides to grow on a thiamine-peptone agar demonstrated the presence 
in peptone of both pyridoxine and i-inositol or physiologically equivalent sub- 
stances. One hundred mg. of neo-peptone per tube appeared to supply suf- 
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Fig. 3. Amount of vitamins and growth of Trichophyton discoules on mineral dex- 
trose medium containing agar and asparagine and supplemented as follows: A. lOmii 
moles thiamine, 50 mji moles pyridoxinc and (1) 0.5 mg. t inositol; (2) 0.1 mg. i-inositol; 

(3) 0.01 mg. z inositol; (4) no inositol. B. 10 mji moles thiamine, 1 mg. i inositol and 

moles pyridoxine; (2) 1 m^ mole pyridoxine; (3) 0.05 mp, mole pyridoxino: 

(4) 0.01 mp mole pyridoxine; (5) 0.001 mp mole pyridoxine; (6) no pyridoxine. 0. 

10 mp moles pyridoxine, 1 mg. t-inositol and (1) 1 mp mole thiamine; (2) 0.1 mp mole 
thiamine; (3) 0.01 mp mole thiamine; (4) no thiamine. Age 4 weeks. About twice 
natural size. % 


ficient i-inositol for maximum growth since the addition of inositol to the 
thiamine-peptone medium did not improve growth. One hundred and twenty- 
five mg. of Difco agar contained less i-inositol than required to induce growth 
of T. dismdes. We failed to observe any growth on 8 ml. of our basal medium 




3942] 


ROBBINS, MACKINNON AND MA : TRICHOPHYTON 


517 


prepared with unpurified Difco agar and supplemented with thiamine and 
pyridoxine. The Dr fraction from potato containing 13 mg. of dry matter 
furnished enough i-inositol to permit some growth though considerably less 
than the maximum. 

7-inositol or physiologically equivalent material was found to be present 
also in hydrolyzed gelatin, hydrolyzed casein, and hydrolyzed egg albumen.® 
This was demonstrated by growing the fungus on the basal medium supple- 
mented per tube with 10 mp moles of thiamine to which 100 mg. of hydro- 
lyzed gelatin, egg albumen, or casein were added. At the end of 3 weeks 
colonies with the following diameters had developed : on gelatin, 19 mm. ; on 
the egg albumen, 18.3 mm.; on casein, 25 mm.; on peptone, 34.6 mm. The 
diameter on the basal medium plus thiamine, pyridoxine, and inositol was 
8.3 mm. It is not possible to state the quantity of inositol present in these 
products from this observation but it was appreciable. 

Relation to Unidentified Factors. Attention has been called above to the 
probability that peptone (contains some unidentified factors important in the 
growth of T. cliscokles. This was suggested by the more rapid growth ob- 
served on a medium containing thiamine and peptone than on one containing 
thiamine, pyridoxine, and /-inositol. The unidentified factors were not found 
among the following substances ; biotin, hypoxanthine, guanine, pimelic acid, 
para-aminobenzoic acid, calcium pantothenate, lactofiavin, nicotinamide, or 
2-methyl-l,4-naphtho-hydroquinone diacetate. The addition of these vitamins 
to the basal medium containing thiamine, pyridoxine and i-inositol was of 
little or no benefit. We failed also to improve the basal medium containing 
the 12 vitamins listed above by the addition of 21 amino acids.® The further 
addition per tube of 100 mp moles of choline, adenine, xanthine, cytosine, 
orotic acid, thymine, and uracil was not found to be beneficial. No benefit 
was observed by the addition per tube of 20 pg. of a concentrate of folic acid 
and of 23 amino acids" to the basal medium containing the 12 vitamins, 21 
amino acids, and the pyrimidine and purine bases listed above. 

5 Difco gelatin was hydrolyzed by boiling for 24 hours with 8N H0SO4. The sul- 
furic acid was removed by treatment with Ba(OH)2. Difco egg albumen coagulated was 
hydrolyzed in the same way. The hydrolyzed casein was a product from Mead Johnson 
and Co. with the laboratory number 92-403. 

These amino acids and the amounts added per tube were as follows : 0.15 mg. 
d-arginine, 0.075 mg. dl-a-alanine, 0.15 mg. I-aspartic acid, 0.15 mg. d glutamic acid, 
0.075 mg. glycine, 0.05 mg. p-alanine, 0.02 mg. dMycine HCl, 0.01 mg. dl-norleueine, 
0.01 mg. serine, 0.01 mg. di-threonine, 0.01 mg. dl-valine, 0.01 mg. d-cysteine HCl, 
0.02 mg. Z-histidine HCl, 0.01 mg. Z-hydroxyproline, 0.01 mg. dZ-methionine, 0.01 mg. 
dZ-phenylalanine, 0.01 mg. Z-proline, 0.02 mg. Z-tryptophane, 0.005 mg. tyrosine and 0.005 
mg. thyroxine. 

7 The amino acids included 0.1 mg. each of dZ-a-amino butyric acid, dZ-p-amino-n 
butyric acid, a-amino isobutyric acid, dZ-a-amino caproic acid, dZ-a*amino^n-valeric acid, 
dZ-b-amino-n-valeric acid, dZ-aspartic acid, betaine HCl, dZ-benzoylalanine, creatinine, d- 
cysteine, glutamine, glutathione, dZ-homoaptine, m-nitro hyppuric acid, p-nitrophenyl- 
glycine, n-phenylglycine, pyrazine monocarboxylic acid, pyrazine 2, 3 dicarboxylic acid, 
sarcosine, spermadine phosphate, and taurine. 
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In spite of these negative results it may be entirely possible that the 
unidentified factors are included among the amino acids or other compounds 
tested. The active compound, if it was one of the 60 substances tested with 
negative results, may have been used in too small an amount, or its activity 
may have been masked by the toxicity of another member of the complex. 

The unidentified factor or factors appeared to be present in a Dr frac- 
tion prepared from potato, in malt extract, in casein hydrolysate, in Difco 
gelatin both hydrolyzed and unhydrolyzed, and in egg albumen hydrolysate. 
The addition per tube of a Dr fraction containing 13 mg. of dry matter to the 
basal medium plus the 12 vitamins was beneficial though not as much so as 
the addition of an equal amount of neo-peptone. The benefit observed from 
100 mg. of Difco desiccated malt extract was about equivalent to tjiat obtained 
with 13 mg. of the Dr fraction. Difco gelatin and casein hydrolysate were 
almost as beneficial as peptone when compared on a dry weight basis. Some 
benefit was obtained with the addition per tube of 4 mg. of peptone or 
gelatin and perhaps with 1 mg. ; 16 mg. doubled the growth as measured by 
colony diameters, and the effect increased still further with 64 or 128 mg. 
per tube (table 4). The action of the gelatin, casein, or peptone was not the 

TABLE 4. Effect of various additions to an agar medium containing dextrose ^ min- 
erals, asparagine and eleven vitamins on the growth of T, discoides. 

The unit for the Dr fraction was 1.3 mg. instead of 1.0 mg. 


Additions to 8 ml. of 
basal medium plus 11 
vitamins 

Average colony diameter in mm. 
after 14 days 

9 

Average colony diameter in 
after 24 days 

mm. 

Gelatin 

Peptone 

Asparagine 

Casein 

Dr fraction 

Gelatin 

Peptone 

Asparagine 

Casein 

Dr fraction 

0 


6.0 

6.0 

6.0 

6.0 

6.0 

11.0 

11.0 

11.0 

11.0 

11.0 

1 

mg 

7.5 

4.0 

4.0 

. ... 

7.5 

14.0 

11.0 

10.0 


13.0 

4 

mg 

9.0 

4.0 

5.0 




15.0 

14.0 

11.0 



16 

mg 

12.0 

13.0 

6.0 

17.0 

11.0 

25.0 

27.0 

10.0 

23.0 

22.0 

64 

mg 

15.0 

20.0 

4.0 

18.0 


29.0 

32.0 

8.0 

32.0 


128 

mg 

15.0 

20.0 

4.0 


6.0 

35.0 

34.0 

8.0 


11.0 


result of increasing the nitrogen supply. This followed because increasing 
the asparagine had no comparable effect. Since gelatin was beneficial the 
effect of 4 mg. of glycine per tube was tested. No benefit was observed. Further 
work on the nature of the unidentified factors is in progress. 

'DISCUSSION 

T, discoides is parasitic on calves and produces an infection of man which 
presents the same clinical characteristics. T, album is very similar to T. 
discoides. in its pathogenic effects and is distinguished from the latter organ- 
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ism by diiferences in the appearance of colonies upon Sabouraud’s medium. 
However, T, discoides closely resembles T. album when grown on 
Sabouraud's dextrose medium to which thiamine had been added and an 
investigation of T. album demonstrated that it synthesized thiamine. This 
suggested that T. discoides may be a mutant of T. album, a mutation which 
involved the loss of the ability to synthesize thiamine. These observations 
emphasize also the importance of the vitamin content of a medium in deter- 
mining the diagnostic characteristics of an organism which is identified 
largely by its colonies. 

The nutritional requirements of species of Trichophyton have received 
relatively little attention. Mosher, Saunders, Kingery and Williams (9) 
found that T, interdigitale did not grow in a mineral-sugar medium contain- 
ing amino acids. Addition of crystalline thiamine, i-inositol, a highly con- 
centrated preparation of pantothenic acid, or crude lactoflavin permitted 
growth. Some combinations of these supplements were more effective than the 
single substances. Oyama (10) reported that thiamine had no effect on 
the growth of T. crateri forme in a solution of minerals, sugar, and asparagine, 
but a concentrate of rice polishings improved growth. On the other hand the 
growth of r. rosaceum was improved by the addition of thiamine or of a 
concentrate of rice polishings. Peck and Rosenfeld (11) state that the 
growth of T, gypseum was not affected by vitamins A, B, and D, but that 
from 0.09 to 0.5 per cent of vitamin C was injurious. 

It is of interest to note that T. interdigitale and T. discoides both show 
deficiencies for thiamine and inositol. We found, however, no benefit from 
the addition of lactoflavin or pantothenic acid, both of which were bene- 
ficial to T. interdigitale, Mosher et al. did not determine the effect on T, 
interdigitale of pyridoxine, lack of which prevented growth of T. discoides. 
T. interdigitale differs from T. discoides also in ability to grow in the presence 
of any one of four vitamins. The latter organism required the presence of 
three vitamins in the medium, one or two of the three were not adequate. 
Mosher et al. (9) believe that T. interdigitale has “latent synthetic capabil- 
ities^’ and that “during a long growth period mechanisms are developed 
for the production of any one of a number of specific cell constituents which, 
under other conditions, may be taken from the environment as food.” This 
did not seem to apply to thiamine, pyridoxine, and inositol for T. discoides 
as no growth occurred unless all three of the vitamins were present even 
when incubation was prolonged for more than 30 days. 

Mosher et al. found various amino acids, especially leucine, hydroxy-a- 
amino butyric acid, aspartic acid, arginine, lysine, and phenylalanine, im- 
portant in the nutrition of T. interdigitale. We obtained no benefit from the 
addition of numerous amino acids, including the six mentioneji. On the 
other hand, the quantity of amino acids we used per culture was considerably 
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less than that used by Mosher et ah and a further investigation of the 
relation of T. discoides to amino acids is desirable. It is entirely possible that 
the unidentified favorable factors in peptone, casein, gelatin, and other 
natural substances are specific amino acids. 

T. discoides is the only filamentous fungus known to the authors to have 
a complete inositol-deficiency. Eastcott (1) in 1928 found i-inositol to be a 
constituent of bios and important for the growth of a strain of yeast. 
Jansenns (4) reported inositol indispensable for the development of beer 
yeast. Williams and associates (15) found some strains of yeast to show a 
partial inositol-deficiency and others none. Some filamentous fungi have 
partial inositol-deficiencies (3, 6). Lash Miller, Kogl and Hasselt, and Wooley 
(7, 5, 18), found a high degree of specificity of inositol for yeast.^ Wooley (16, 
17) reported inositol to be a growth factor for mice. Its deficiency resulted 
in stoppage of growth, paralysis of the hind quarters, and loss of hair. It 
seems clear that inositol is an important growth substance with a high 
degree of specificity, and further investigation will doubtless show de- 
ficiencies of various degrees in other organsms. 

The complete inositol-deficiency shown by T, discoides suggests that this 
organism might be used for detecting and perhaps estimating inositol. How- 
ever, before complete dependence can be placed on its use for the bio-assay of 
?-inositol further studies on specificity similar to those made on yeast should 
be made with this organism. The relatively slow growth of T. discoides and 
the need for an incubation temperature of 35° to, 38° C. are disadvantages. 
Our own observations with this organism suggest that it may be useful in 
detecting the presence of inositol. For example, by bio-assay with T, 
trichophyton, it appears that agar contains little or no inositol while gelatin, 
casein hydrolysate, and albumen hydrolysate contain appreciable amounts. 

SUMMARY 

T, discoides suffers from complete deficiencies for pyridoxine, i-inositol, 
and molecular thiamine. In addition there are partial deficiencies for uniden- 
tified substances. The unidentified substances were present in peptone, casein 
hydrolysate, hydrolyzed egg albumen, malt extract, gelatin, and a filtrate 
(Dr fraction) prepared from white potatoes. No evidence was obtained that 
the partial deficiencies could be satisfied by biotin, lactoflavin, folic acid, 
pimelic acid, para-aminobenzoic acid, pantothenic acid, hypoxanthine, 
guanine, nicotinamide, 2-methyl-l,4-naphtho-quinone diacetate, seven pyri- 
midine and purine bases, and 43 amino acids. Ca phytate and a phosphatide 
containing inositol were less effective than i-inositol. The presence of appreci- 
able quantities of inositol in gelatin, casein hydrolysate, and albumen 
hydrolysate was indicated by the growth of T. discoides. Unhydrolyzed agar 
appeared to contain little or no inositol. Maximum growth was obtained in a 
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4 weeks period in a medhim containing between 0.1 and 0.5 mg. of inositol, 
and between 1 and 10 m|j moles of pyridoxine and thiamine. 

New York Botanical Garden, 

Department of Botany, Columbia University, New York, 

AND 

Institute of Hygiene, Montevideo, Uruguay. 
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VARIATIONS IN ASCORBIC ACID AND DRY MATTER 
CONTENT OF COWPEA PLANTS AT 
DIFFERENT TIMES OF DAY 

Mary Elizabeth Reid 

The available data on variations in the ascorbic acid and dry matter con- 
tent of cowpea plants at different times of day are presented here because 
of their possible bearing on the determination of a favorable time for har- 
vesting fruits and vegetables and the special importance at this particular 
time of storing foods with the highest possible vitamin value)?. It has been 
recently pointed out by Auchter^ that if we are to end with high nutritive 
values in the processing of fruits and vegetables, it is important that we 
start with them. 

The observations herein reported were made during the growing seasons 
of 1939 and 1940 and were briefly mentioned in a previous publication (Reid 
1942). It has been shown previously that losses of ascorbic acid occur at 
night (Reid 1939; Moldtmann 1939; Smith and Gillies 1940; Kohman and 
Porter 1940; Reid 1940, 1941). Moldtmann found fluctuations in the ascor- 
bic acid content of leaves of deadnettles (Lamium album) with minimum 
values occurring at night and maximum values reached by mid-day *or by 3 
p.m. There was no signiflcant difference in the vitamin C content of stems 
and petioles at different times. In fact, in these organs a small increase at 
night was found, but not always at the same time as the decrease in the 
leaves. With increasing light intensity and concomitant increase in assimila- 
tion synthesis of ascorbic acid was found to be favored, and to be depressed 
toward evening with the decreasing light intensity. No periodic variation 
was found in the ascorbic acid content of unripe fruits of elder {Sambucxis 
nigra). 

The literature dealing with the effect of seasonal and daily variations in 
light intensity upon ascorbic acid accumulation in plants has recently been 
reviewed together with the presentation of additional data obtained in a 
study with cowpea plants (Reid 1942). The interrelations of nitrogen and 
carbohydrates to ascorbic acid accumulation were discussed and it was sug- 
gested that weather conditions involving differences in light intensity should 
be considered in determining the time for harvesting fruits and vegetables. 
That a ‘‘time-of-day” factor should also be considered with respect to vita- 
min C values, particularly of leafy types of vegetables is strongly suggested 
by the present data. 

1 In a lecture given April 1, 1942, on * * Interrelations of soil, plant, and human 
nutrition. * * 
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PROCEDURE 

The very young plants employed in some of the tests were grown in sand 
without added nutrients; the older plants used in other experiments were 
cultured in glass jars containing nutrient solutions. A large number of cul- 
tures were prepared in most of the tests so that it was possible to select 
plants uniform in size and appearance for the ascorbic acid and dry weight 
determinations. At the time of transfer from the dark chamber and before 
synthesis of carbohydrates had begun, ascorbic acid assays were made of 
some of the plants and dry weight determinations were made of others. Simi- 
lar determinations were made with other plants at different times during the 
day with a final determination toward the end of the light period. Five 
plants were used in each assay with very young plants and the same number 
for dry weight determinations. Two plants were used in each determination 
with the larger plants. Duplicate or triplicate evaluations were made in 
most of the tests. The values per plant as presented represent averages of 
the different groups of plants used in each test. Microchemical tests were 
made on thin sections of stem and leaf tissues for starch (iodine reaction) 
and reducing substances (Pliickiger reaction). 

OBSERVATIONS 

The seven-day-old plants tested on May 24th were exposed to light of 
high intensity throughout each daily light period from the time of their 
emergence above the sand. A similar group of plants, ten days old, was 
tested on June 5, when the light intensity was also high throughout the day 
though it had been low during the four preceding days. The results of these 
experiments are showui in table 1. 

The plants tested on May 24th showed significant gains in total dry 
weight and in total ascorbic acid until some time between 11 a.m. and 2 
p.m., maximum values having possibly been reached before 2 p.m. No sig- 
nificant increase in ascorbic acid per unit of fresh weight occurred after 11 
a.m. These plants contained a large amount of starch and reducing sub- 
stances, a consequence of the shortage of mineral nutrients and high day- 
time illumination throughout the development of the plants. The plants 
tested on June 5th, on the other hand, gained throughout the day both in 
dry weight and in absolute amount of ascorbic acid as well as in ascorbic 
acid content on a green weight basis. Because of the preceding cloudy 
weather the plants started the day with a much lower content of dry matter 
and ascorbic acid. It is evident that on June 5th, when the light conditions 
became favorable for photosynthesis, the plants had the capacity to synthe- 
size and accumulate both dry matter and ascorbic acid throughout the course 
of the day. In both tests the increase in ascorbic acid was much greater on 
a green than on a dry weight basis. In fact, on May 24th, a loss on a dry 
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TABLE 1 


Ascorbic acid and dry matter content of two groups of plants at different times of day and 
exposed to different light intensities preceding the day of the tests 


Time of 
day 

Dry wt. 

Per cent 

C 

0 

c 

per pit. 
(Mg-) 

dry 

matter 

per pit. 
(Mg.) 

in fresh wt. 
(Mg./g.) 

in dry wt. 
(mg./g.) 


May 24 

Very bright, preceding days also bright 
(Plants 7 days old) 


8 : 00 a.m. 

136 

8.7 

0.727 

0.441 

5.35 

11:00 a.m. 

148 

9.2 

0.793 

0.498 

5.35 

2 : 00 p.m. 

159 

9.5 

0.822 

0.502 

5.17 

5 : 00 p.m. 

162 

9.5 

0.824 

0.497 

5.09 

8 : 00 p.m. 

160 

9.3 

0.822 

0.501 , 

5.14 


June 5 

Very bright, four preceding days cloudy 
(Plants 10 days old) 


8 : 00 a.m. 

167 

7.5 

0.664 

0.290 

3.98 

11 : 00 a.m. 

180 

7.9 

0.686 

0.302 

3.81 

2 : 00 p.m. 

193 

8.4 

0.755 

0.335 

3.91 

5 : 00 p.m. 

195 

8.6 

0.824 

0.345 

4.23 

8 : 00 p.m. 

206 

8.7 

0.871 

0.368 

4.23 


weight basis is indicated during the course of the day, a consequence of a 
more rapid increase in dry weight than in ascorbic acid. 

The results of one of the tests with older plants are shown in 'table 2. 
The plants were grown in a partially shaded greenhouse and were placed 
in full sunlight in the open during the day preceding the test as well as on 
the day of the test. On the day of the transfer (June 12) the illumination 
was high until 1 p.m., after which it was cloudy for the remainder of the 
day. On June 13th, the day of the test, the light intensity w^as high until 
toward sunset. Gains in both dry matter and ascorbic acid occurred through- 
out the day. Because of having been grown in partial shade and with an 
abundance of mineral nutrients the plants had not previously accumulated 
much reserve carbohydrates and their ascorbic acid content was relatively 
low. In previous studies it had been found that the leaves of cowpea plants 
of this age grown under high illumination tend to have approximately 1 
milligram of ascorbic acid per gram of fresh tissue; whereas, the leaves of 
the present plants contained only 0.66 milligrams of vitamin C per gram 
at the beginning of the light period and 0.80 milligrams at the end of the 
day. The stems gained in dry weight throughout the day but no appreciable 
increase in ascorbic acid was indicated after 11 a.m. The results suggest that 
the roots increased in total ascorbic acid and in total dry weight until 2 
p.m. As in the previous tests the changes in ascorbic acid during the course 
of the day were much less on a dry than on a green weight basis. The 11 
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TABLE 2 

Variations in green and dry weights and in ascorbic acid content 
of cowpea plants at different times of day 


(June 13) 
Time of day 

Green wt. 
per plant 

(gO 

Dry wt. 
per plant 
(g.) 

Percent- 
age of 
dry 

matter 

Ascorbic acid 

Total 
l)er pit. 

(mg-) 

Mg./g. 

(green 

wt.) 

Mg./g. 

(dry 

wt.) 

Leaves 

8 : 00 a.m. 

9.08 

0.98 

10.8 

5.99 

0.660 

1 6.11 

11:00 a.m. 

9.22 

1.06 

11.5 

6.66 

0.722 

6.28 

2 : 00 p.m. 

9.30 

1.14 

12.2 

7.09 

0.762 

6.22 

5 : 00 p.m. 

9.60 

1.27 

13.2 

7.72 

0.804 

1 6.08 


Stems 


8 : 00 a.m. 

7.44 

0.63 

8.5 

0.84 

0.113 

1.33 

11:00 a.m. 

7.22 

0.67 

9.3 

1.19 

0.165 

1.78 

2 : 00 p.m. 

7.11 

0.66 

9.6 

1.22 

0.170 

1.85 

5 : 00 p.m. 

7.54 

0.74 

9.8 

1.12 

0.148 

1.51 


Roots 


8 : 00 a.m. 

6.31 

0.30 

4.8 

1.45 

0.230 

4.83 

11 : 00 a.m. 

6.44 

0.31 

4.8 

1.65 

0.256 

5.32 

2 : 00 p.m. 

6.97 

0.36 

5.2 

1.78 

0.255 

4.94 

5 : 00 p.m. 

7.21 

0.36 

5.0 

1.70 

0.236 

4.72 


Entire plant 


8 : 00 a.m. 

22.8 

1.92 

8.4 

8.27 

0.362 

4.31 

11 : 00 a.m. 

22.9 

2.04 

8.9 

9.50 

0.415 

4.65 

2 : 00 p.m. 

23.4 

2.16 

9.2 

10.09 

0.431 

4.67 

5 : 00 p.m. 

24.4 

2.37 

9.7 

10.54 

0.432 

4.45 


a.iii. ascorbic acid values are higher than those at 8 a.ni., but there were no 
consistent gains on a dry weight basis after this time. 

Another set of slightly younger plants was tested on July 10th. This 
set also had been grown in a partially shaded greenhouse and was placed 
in the open in full sunlight two days previous to assaying. On July 10th 
the illumination was high until 3 p.m., after which it became cloudy (aver- 
age radiation about 1800 ft.-c.). Because of having been exposed to full sun- 
light for a longer period than the plants tested on June 13th, these plants 
contained more starch and sugars and also had the same absolute amount 
of ascorbic acid but an approximately 20 per cent higher content on a green 
weight basis at the beginning of the light period, although the plants 
weighed approximately 20 per cent less than the June 13th plants. The total 
ascorbic acid increased from 8.17 milligrams at 5 a.m. to 10.20 milligrams 
at 3 p.m., a daylight increase of approximately 25 per cent. There, was no 
increase in total dry weight and an apparent loss in ascorbic acid after 3 
p.m. when it became cloudy (see table 3) . 
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TABLE 3 

Variations in green and dry weights and in ascorbic acid content 
of plants at different times of day 





Percent' 

Ascorbic acid 

(July 10) 
Time of day 

Green wt. 
(g.) 

Dry wt. 
(g-) 

age of 
dry 
matter 

TotiU 
per pit. 

(mg-) 

Mg./g. 

(green 

wt.) 

Mg./g. 

(dry 

wt.) 

5:00 a.m. 

18.83 

1.68 

8.9 

8.17 

0.434 

4.86 

9 : 00 a.m. 

19.21 

1.77 

9.2 

8.63 

0.449 

4.88 

12; 00 m. 

18.95 

1.93 

10.2 

9.51 

0.502 

4.92 

3 : 00 p.m. 
(Cloudy after 

18.80 

1.97 

10.5 

10.20 

0.542 

5.18 

3:00) 

6 : 00 p.m. 

19.89 

1.97 

9.9 

9.60 

0.482 

4.87 


DISCUSSION 

A definite infiueiice of a light intensity factor on a ‘‘day-to-day’’ and 
even on a “time-of-day” effect upon the ascorbic content of cowpea plants 
is indicated by these results. In all of the tests conducted thus far on this 
problem, increases both in total amount of ascorbic acid per plant and in 
the ascorbic acid content per unit of fresh weight occurred upon exposure 
of the plants to light. In some tests, increases tended to occur throughout 
the day, whereas in others they ceased relatively early. In previous tests 
with plants used in other experiments it was found that the ascorbic #acid 
values of plants grown in partial shade were relatively low even at the end 
of the day. 

It is well accepted that carbohydrate synthesis is influenced directly by 
light intensity and indirectly by the supply of stored carbohydrates and 
availability of mineral nutrients, particularly of nitrogen. The concomitant 
increases in ascorbic acid and dry matter during the course of the day and 
from day to day suggest a close relation between the synthesis of carbo- 
hydrates and that of ascorbic acid. There is need for further work to 
determine their quantitative relations by more exact methods and the 
interacting influence of nitrogen supply. 

SUMMARY 

Progressive increases in both ascorbic acid and dry matter in cowpea 
plants are shown to occur from the beginning of the daily light period, and 
to continue during the course of the day depending upon the carbohydrate- 
synthesizing capacity of the tissues. 

Plants grown under high illumination and much-limited nutrient supply 
tend to have relatively large reserves of starch and sugars and a low carbo- 
hydrate-synthesizing capacity. Under favorable light conditions such plants 
tend to attain their maximum vitamin C values early in the day. 
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Plants subjected to prolonged periods of cloudy weather, and especially 
if an abundant supply of mineral nutrients has been available, tend to 
have low vitamin C values and a low supply of starch and sugars. 

The results suggest that for best vitamin C values, harvesting of vege- 
tables should be done not before mid-forenoon after generally clear weather ; 
or if it must be done following cloudy days, collection should be made as 
late in the day as possible. 

National Institute of Health, IT. S. Public Health Service 

AND 

Division of Forage Crops and Diseases, U. S. Department of 

Agriculture ^ 

Plant Industry Experiment Station 
Beltsville, Maryland 
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PHYCOLOGICAL NOTES— I 

George J. Hollenberg 

Hapalospongidion was established by Saunders (1899) on material col- 
lected at Pacific Grove, California. It is a brown al{?a which forms cushion- 
like small gelatinous thalli on rocks in the upper littoral zone. As described 
by Saunders, it is composed of a basal distromatic layer bearing erect closely 
packed and mostly unbranched filaments, which are free except at the tips, 
and which adhere on account of copious quantities of mu(*ilaginous material. 
Saunders described both unilocular and plurilocular sporangia. The former 
he described as terminal and usually single, although he also described and 
figured series of enlarged cells in the erect filaments, which he took for imma- 
ture or abortive unilocular sporangia. Largely on the strength of the latter 
observation, it seems, Setchell and Gardner (1924, 1925) doubted Saunders’ 
description of single terminal unilocular sporangia and concluded that 
Hapalospongidion gelatinosum Saunders should be united with Micro- 
spongium under the name M, saundcrsii S. & G. In this disposition of Saun- 
ders’ plant these investigators seem to have disregarded the fact that in the 
type species, Microspongium gelatinosum, described by Reinke (1888), both 
types of reproductive structures are laterally inserted on the erect filaments. 

Saunders’ plant (fig. 14) has been found by tile writer at a number of 
places along the coast of southern California and near Carmel in central 
California. It has also been found by the writer as far south as Punta Banda, 
Lower California, Mexico. Examination of no. 583 of the Hancock Expedi- 
tion of 1934, collected at Petillan Bay, Mexico, by Dr. W. R. Taylor, shows 
that it is the same as Saunders’ plant. 

Near Corona del Mar in Orange County, California, the plant is usually 
abundant throughout the winter over an area several feet in diameter on 
a certain large rocky point. It has been observed at this locality for several 
successive seasons, and although it usually partially disappears during the 
winter months, it can be found at all seasons of the year. Both types of repro- 
ductive structures have been found a number of times. They correspond 
closely to Saunders’ description and figures. Mature unilocular sporangia 
(fig. la) are relatively large, measuring 25-35 x 80-140 g. They are oblong 
in shape and strictly terminal. They occur singly at the tips of the erect 
filaments. The tips of the sporangia are well below the tips of adjacent sterile 
filaments. No seriate intercalary unilocular sporangia were observed, and it 
seems probable that structures of such a nature reported by Saunders were 
abortive plurilocular sporangia. A few lateral outgrowths (fig. 2) were 
observed at the base of unilocular sporangia. These may be interpreted as 
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abortive accessory unilocular sporangia or possibly the true tip of the fruit- 
ing filament. In the latter case the unilocular sporangium could be thought 
of as actually lateral in position. A single very large nucleus is present in 
very young unilocular sporangia, suggesting that meiosis occurs in these 
reproductive structures as might well be expected, but no cytological studies 
were undertaken to determine the nature of the first nuclear divisions. 

Normal plurilocular sporangia (fig. 8) occur on plants distinct from 
those which bear the unilocular sporangia, although both types of plants are 
often indistinguishably associated as a result of coalescence. The plurilocular 
sporangia are intercalary near the tips of the erect filaments, as described 
by Saunders. Their development is initiated by transverse divisions of cells 
immediately below the apical cell of a filament. One and usually two longi- 
tudinal divisions follow, resulting in the production of two tiers of four cells 
from each cell of the erect filament. These observations seem to necessitate 
retention of Saunders’ genus Hapalonpongidion, with H. gelatinosum as the 
type species. 

Saunders does not describe motile reproductive cells of Hapalospongidion 
and did not study the development of germlings. The writer finds that zoids 
from both types of reproductive structures are of the usual form (figs. 3, 9), 
containing a single chromatophore and distinct stigma as well as two unequal 
flagella laterally inserted. Neither type of zoid gkve evidence of fusing in the 
cultures. They were allowed to settle on cover-glasses and germling stages 
were studied in a manner similar to that employed for Hapterophyciis 
(Ilollenberg 1941). Examination of the cultures 12 hours after liberation 
of the zoids showed the formation of germ tubes (fig. 4). A single stigma 
WHS present at this time in germlings from both types of reproductive struc- 
tures. It seems probable, therefore, that both types of zoids ordinarily ger- 
minate without fusing under culture conditions. The development of germ- 
lings from plurilocular sporangia was followed in the cultures for a period 
of one month. The entire contents of the germling initial usually migrates 
into the germ tube and is cut off from the old wall of the germling initial by 
a cross wall (fig. 5). Subsequent growth and cell divisions result in the for- 
mation of a short filament, usually provided with a single rhizoid. Longitu- 
dinal and irregular divisions, commonly accompanied by development of a 
sharp bend in the filament at the point of active cell division, soon initiate 
the development of a discoid thallus (figs. 6, 7). Although the development 
of the germlings was not followed beyond the development of this initial 
discoid thallus, it seems evident that the life cycle involves a facultative 
alternation of similar but distinct generations, parthenogenetic development 
of gametes seemingly repeating the haploid generation. 

The writer has for some time been impressed with the similarity of the 
descriptions of certain other members of the Ralfsiaceae to Hapalospon- 
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gidion, Mesospora was described as a new genus by Madame Weber-van 
Bosse (1910), with M. schmidtii from the Malay archipelago as the type 
species. This plant was also found by the same investigator at several stations 
during the Siboga Expedition (Weber-van Bosse 1913). Later Mesospora 
van-hossae was described by Boergesen (1924) from Easter Island in the 
south Pacific. Still more recently Peldmann (1937) described Mesospora 
mediterranea from the Mediterranean. The writer has not been privileged to 
examine specimens of any of these species, but all are strikingly similar to 
Hapalospongidion gelatinosum in a number of important respects. In all of 
these plants the erect filaments are free except at the tips, where they are 
described as being united by a surface layer of the very gelatinous material 
surrounding the filaments. In all of these plants the plurilocular sporangia 
are intercalary, and separated from the tips of the filaments by one or more 
sterile cells, each cell in the fertile region dividing into the ultimate fruiting 
cells in a manner similar to that described by Saunders for the California 
plant. In all three plants the erect filaments arise from a basal stratum 
mostly two cells thick. In M. mediterranea Feldmann describes cell rows 
developing to some extent downward from this distromatic layer, and the 
writer has observed the same condition in Hapalospongidion gelatinosum 
in one instance. Unilocular sporangia are described as arising laterally at 
the base of erect filaments in the ease of M, schmidtii^ and Peldmann de- 
scribes and figures lateral unilocular sporangia in the Mediterranean plant. 
These reproductive structures are not known in M, van-bossae. In M. 
schmidtii a series of large intercalary cells are described similar to those 
which Saunders interpreted as immature or abortive unilocular sporangia, 
but which as noted above are more probably abortive plurilocular sporangia. 

The only important distinction between Mesospora and Hapalospongidion 
is the terminal position of the unilocular sporangia in the latter plant. How- 
ever, as noted above, occasional unilocular sporangia bear lateral prolifera- 
tions at the base, suggesting that in Hapalospongidion these reproductive 

Explanation of figures 1-13 

Figs. 1-10. Hapalospongidion gelatinosum Saunders. Fig. la. Unilocular sporangia 
and paraphyses. x 500. Fig. lb. Erect filaments of the thallus arising from the distro- 
matic basal layer, x 500. Fio. 2. Immature unilocular sporangium showing rudimentary 
tip of filament (?). x500. Fig, 3. Zoid from unilocular sporangium, x 1000. Fig. 4. 
Germinating zoids from unilocular sporangium. x500. Figs. 5-6. Germlings developing 
from zoids from plurilocular sporangia, one month old. x500. Fig. 7. Germlitig from 
zoid from plurilocular sporangium, two months old. x 500. Fio. 8. Plurilocular sporan- 
gium at upper end of erect filament of thallus. x 1000. Fig. 9. Zoid from plurilocular 
sporangium, x 1000. Fio. 10. Germinating zoids from plurilocular sporangia. . x 1000. 
Figs. 11-13. Lophosiphonia villnm (J. Ag.) S. & G. Fio. 11. Tip of prostrate branch 
showing rhizoids and adventitiously endogenous erect branches arising from the central 
cells. The latter are not shown, x 250. Fio. 12. Tip of erect branch showing" arrangement 
of trichoblasts. x 250, Fio. 13. Portion of erect branch with tetrasporangia and double 
scar-cells, x 500. 
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structures may in some cases be thought of as essentially lateral. For the 
present it seems best, however, to retain Mesospora as a distinct genus. 

A study of the type material of Ralfsia pangoensis, described by Setchell 
(1924) from Pagopago Harbor, Samoa, shows that this plant is a species of 
Hapalospongidiofi, with all the characteristic features of the genus, except 
that plurilocular sporangia are unknown. Hapalospongidion pangoensis 
(Setchell) Hollenberg, comb, nov., differs from H. gelatinosum chiefly in the 
shorter erect filaments, which are mostly under 200 \x long. The cells of the 
erect filaments are considerably shorter and more nearly cylindrical than in 
H, gelatinosum, 

Pterochondria Hollenberg, gen. nov. Thallus polysiphonous, com- 
planate, ecorticate, erect from a rhizoidal base embedded in the* crypto^ 
stomata of Cystoseira; branching alternate, distichous, the branches slightly 



Fio. 14. Photograph of niiirierous plants of Hapalospongidion gelatinosum Saunders 
growing on a rock fragment, x 1. Fio. 15. Photomicrograph of a portion of Pterochondria 
pygmaea (Setch.) Hollenberg. x 30. 

decurrent and of several to many orders, with mostly 3-5 segments between 
successive branches and with ultimate branchlets determinate ; trichoblasts 
wanting ; tetrasporangia one per segment, in straight series embedded in the 
adaxial side of the ultimate branchlets, tripartitely divided ; antheridia cov- 
ering the flat faces of flattened ovoid discs except for a sterile row of mar- 
ginal cells ; cystoearps globular ovoid, nearly sessile on the branches. 

Thallus polysiphonus complanatus, ecorticatus, erectus ex fundamento 
radicato in cryptostomatibus Cystoseirae immerso ; cum ramis alternantibus, 
distichis, aliquantum decurrentibus, ordinibus paucis aut multis, plerumque 
cum 3-5 segmentis inter ramos succedentes et cum ramulis ultimis determi- 
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natis ; sine trichoblastis ; tetrasporangiis singulis in segmentis in serie recta 
in latere adaxiale ramulorum ultimorum immersis, tripartite divisis; an- 
theridiis superficies planas discorum complanatorum et ovatorum praeter 
ordinem sterilem cellulorum marginalium tegentibus; cystocarpiis ovoido- 
globosis fere sessilibus in ramis. 

There are two known species of Pterochondria: P. woodii (Harv.) Hol- 
lenberg, comb, nov., is the type species; Pterosiphonia woodii (Harv.) 
Falkenberg, llhodomelaceen, 274. 1901 ; Setchell and Gardner, Algae North- 
west. Am., 329. 1903 ; Polysiphonia woodii Harvey, Ner. Bor. Amer. 52. 1853. 
This species is commonly 15-20 cm. high and occurs commonly on Cystoseira 
from the vicinitj^ of Monterey, California, to British Columbia. It seems to 
occur frequently on Pleurophycus stipes also. 

Pterochondria pygmaea (Setchell) Hollenberg, comb, nov.; Ptero- 
siphonia pygmaea (Setchell) Kylin, Calif. Rhodophyceen, 38. 1941; Ptero- 
siphonia woodii f. pygmaea Setchell, Phycotheca Bor.-Am. no. 1744, 1911. 
This is a diminutive species mostly under 2 cm. high, known only from south- 
ern California, where it occurs chiefly on Cystoseira osmundacea (Menz.) 
Ag., but is also reported as occurring on Pelagophycus porra (Leman) 
Setchell. 

Two features distinguish this genus from all known species of Ptero- 
siphowia: the discoid antheridial branches (fig. 15), and the lack of a cylin- 
drical creeping base. A very similar male reproductive structure occurs in 
Chondria and also in Acanthophora (cf. Boergesen 1918). Falkenberg 
(1901) states that the antheridial branches of Pterosiphonia dendroidea 
(Mont.) Falk, are cylindrical structures similar to those of Polysiphonia, 
The writer has observed male reproductive structures in several species of 
Pterosiphonia along the California coast. In all these species the antheridial 
branches seem to be cylindrical. It seems probable that this is true of all true 
species of Pterosiphonia, Falkenberg (1901) figures discoid antheridial 
branches for Polysiphonia virgata but it seems improbable that this will 
prove to be an accurate observation concerning a species of Polysiphonia, 

Concerning the attachment organs of Pterochondria^ F. S. Collins, in an 
unpublished manuscript on the Rhodomelaceae of North America, states 
that the spores germinate in the cryptostomata of Cystoseira osmundaceae, 
and that the young filaments are at first monosiphonous, but become poly- 
siphonous soon after emerging from the cryptostomata. 

The bluntly uncinate tips of determinate branchlets, especially evident 
in the case of young ramuli, seem characteristic of Pterochondria, This con- 
dition is seemingly due to a much retarded development of pericentral cdls 
on the inner side of the branchlets. This also seems to account for the beak- 
like appearance of apices of branches, and possibly also for the stdggered 
arrangement of the pericentral cells of a branchlet with respect to those of 
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the axis in the region where the branchlet is decnrrent on the axis. Harvey 
(1853) mentions the latter condition indirectly in his original description of 
Polysiphonia wood’d, when he speaks of the pericentral cells as being ar- 
ranged in two axes. 

Taenioma clevelandii Farlow. Taefiioma perpusillum, the type species, 
was originally described by J. G. Agardh (1851-1863) from material col- 
lected on the Pacific Coast of Mexico by Liebmann. The plant has since been 
collected from a number of places including points along the Atlantic coast 
of North America and in Europe. There was a difference of opinion whether 
the plant should be placed in the Delesseriaceae or the Rhodomelaceae until 
Thompson (1910) described the morphology and sexual reproductive struc- 
tures and showed that the plant is a member of the Rhodomelaceae. Taenioma 
clevelandii was described by Farlow (1877) from material collected by 
Cleveland at San Diego, California. As pointed out by Farlow, the California 
plant is much larger, up to 10 cm. high, and lacks the fasciculate branching 
of T. perpusillum. However, De Toni (1924) makes T. clevelandii a synonym 
of T. perpusillum, without giving reasons for so doing. In the herbarium of 
the University of California are several specimens of Taenioma collected 
along the coast of California from San Diego to Central California. During 
the summer of 1941 the writer collected this relatively rare plant afloat near 
Pacific Grove, California. Examination of this material, which was^tetra- 
sporic, and the other specimens in the herbarium of the University of Cali- 
fornia, one or more of which bore tetrasporangia, but none of which bore 
sexual reproductive structures, has led the writer to conclude that T. cleve- 
landii is amply distinct from T. 2 )erpusillum. It differs not only in size and 
lack of fasciculate branching, but in several more distinctive respects. In 
the first place many segments usually intervene between successive branches 
in T. clevelandii, whereas relatively few segments occur between successive 
branches in T. perpusillum. Furthermore, the branches do not end in hairs 
in any of the specimens of T. clevelandii examined by the writer. Farlow 
failed to mention two additional points of difference. T. clevelandii has a 
rhizome as T. perpusillum has, but the flanking cells, which in the genus 
Taenioma are marginal in position on the flattened branches, and which are 
only half as long as the pericentral cells, occur on all branches, including 
the basal rhizome, in T. clevelandii, rather than on the ultimate branches 
only as in T, perpusillum. Finally, rhizoids are all unicellular in the speci- 
mens of T. perpusillum available for examination, whereas those of T. cleve- 
landii are usually composed of ^wo cells. In T. clevelandii branches arise 
from the center of the flat faces of the axes, presumably from the central cell. 

Oelidium caloolossoides Howe. This species was originally described 
by Howe (1914) from Peru, and seems not to have been reported in the 
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literature since. During the past several years the writer has repeatedly 
encountered a diminutive creeping species of Oelidium along the coast of 
southern California and several times also in the Monterey region in the 
central part of the state. Examination of type material shows that these 
plants must be placed with Howe’s species, from which they differ only in 
the lack of dwarf ventral braiichlets near the hapterous attachment organs, 
which Howe described as frequently present in the Peruvian plant, and 
which the writer observed in the type material. Examination of additional 
material from Peru will be necessary to determine whether or not this is a 
constant difference. Tetrasporangia occur in diagonal rows in the lateral and 
finally somewhat erect braiichlets as in the Peruvian plant. The internal 
structure is also very similar. 

Lophosiphonia villum (J. Ag.) S. & (j., figs. 11-13. Lophosiphonia 
villnm (J. Ag.) Setehell and Gardner, Algae Northwest. Am. 329. 1903; 
Kylin, Lunds Univ. Arsskr. N. F. Avd. 2. 37: 40, 1941. Polysiphonia villum 
J. Agardh, Sp. Alg. IT. 941, 1863. Plants erect, 5-10-(18) mm. high, from 
prostrate creeping branches 40“60-(80) p diam., of segments 1-1.5 diam. 
long, without trichoblasts, attached by frequent unicellular rhizoids with 
expanded lobed tips ; rhizoids arising as outgrowths from the middle of the 
pericentral cells from which they are not cut off by a cross wall; erect 
branches simple or sparingly branched 40-80-(100) p diam., of segments 
1-2 diam. long, arising at irregular intervals mostly every 2-4 segments in a 
strictly endogenous manner, at first arching toward the tips of the prostrate 
branches; lateral branches arising from erect branches exogenously or 
endogenously, independent of the trichoblasts which they may replace; 
pericentral cells 4, totally without cortication; chromatophores forming 
transverse bands in the pericentral cells; trichoblasts mostly infrequent and 
often wanting, but sometimes relatively abundant, irregular in occurrence 
but tending to occur one per segment in a left hand spiral with one fourth 
divergence when abundant, once or twice or sometimes thrice forked, rather 
stiff, often recurved or even coiled, 15-20 p diam., 250-480 p long, soon 
deciduous, leaving persistent scar-cells which sometimes divide to form 
double scar-cells (fig. 13) ; tetrasporangia 50-60 p diam. one per short 
swollen segment in more or less continuous straight series; antheridial 
branches cylindrical, incurved, arising from the entire branch primordium, 
70-170 X 20-35 p, on short one-celled pedicels, without sterile tips; cysto- 
carps ovoid, sessile, more or less erect, 150-190 p diam. ; plants dark reddish 
brown, attached in small tufts or forming a continuous stratum on rocks 
and other algae, often intermingled with other mat forming algae, frequent 
mostly in the middle and upper littoral zone, central California to tropical 
America. 

. This plant has been collected by the writer about 20 different times, 
mostly along the coast of southern California. In general the plants agree 
well with the original description by J. Agardh (1863), Professor W. A. 
Setehell has kindly allowed the writer to examine some unpublished notes 
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which he made while examining types in European herbaria. Among these 
is a note to the effect that no trichoblasts are present in the type material of 
Polysiphonia vUlum in the Agardhian herbarium. However, the writer finds 
that the presence of trichoblasts is a variable condition in this plant, as is 
also the degree of branching of erect branches. The plant is readily recog- 
nized locally by its diminutive size, and by the relatively little branched or 
unbranehed erect branches arising endogenously from prominent and per- 
manently prostrate branches. These characters seem to warrant placing the 
plant in Lophosiphonia as Setchell and Gardner (1903) and Kylin (1941) 
have done. However, in this plant, as in certain other species of Lopho- 
siphonia and Polysiphonia, the vagueness of the characters distinguishing 
these two genera is most vexingly evident. * 

According to Falkenberg (1901) the most characteristic features of 
Lophosiphonia are: (1) relatively limited and mostly simple or sparingly 
branched erect branches from distinctly and permanently prostrate 
branches; and (2) adventitiously endogenous origin of all branches. Exami- 
nation of several specimens of Polysiphonia hemisphaerica Aresch. from the 
Baltic Sea indicates that in this plant all branches arise endogenously and 
adventitiously, but the erect branches are several inches high and repeatedly 
branched. Further study may necessitate removal of this plant from the 
genus Polysiphonia, but it certainly cannot be placed in the genus Lopho- 
siphonia. In Lophosiphonia villum all erect branches and most of the lateral 
branches to which they give rise are produced in an adventitiously endoge- 
nous manner. However, careful examination shows that lateral branches 
frequently arise exogenously by division of subapical cells. A further com- 
plicating feature is the fact that in Lophosiphonia villum the rhizoids arise 
from the prostrate branches as outgrowths of the pericentral cells from 
which they are not cut off by a cross wall. In this respect as well as the origin 
of antheridial branches from the entire trichoblast primordia, L. villum is 
closely similar to a species of Polysiphonia common along the Pacific Coast 
of North America, which has been commonly identified as P. urceolata 
(Lightf.) Grev., but is seemingly a distinct species. Furthermore, it should 
be noted in this connection that in a number of local species of Polysiphonia 
erect branches frequently arise endogenously from distinctly prostrate 
branches. 

The foregoing considerations make it seem necessary to conclude that, 
if the genus Lophosiphonia is to be retained at all, its characteristic features 
need to be more clearly delimited if possible. Accordingly it is proposed that 
the concept of the genus expressed by Falkenberg (1901) be modified slightly 
so as to include only those Rhodomelaceous plants with a single tetra- 
sporangium per segment, which have relatively prominent and strictly pros- 
trate branches giving rise to erect branches in a strictly adventitious and 
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endogenous maliner, and in which the erect branches are relatively short 
and simple or bear relatively few lateral branches in an adventitious and 
mostly in an endogenous manner. This characterization differs from Palken- 
berg ’s concept only in that it provides that some of the lateral branches may 
arise exogenously from the erect branches. It is admittedly relative, perhaps 
even more so than Falkenberg^s concept of the genus, but this modification 
seems necessary if the genus is to be retained at all. There will probably 
continue to be some confusion concerning the limitations of the genus, but 
if one should adhere strictly to Falkenberg^s concept of the genus, Lopho- 
siphonia villum would need to be returned to the genus Polysiphonia, in 
spite of its habit, since not all branches arise endogenously. This would per- 
haps be more confusing than helpful. Hence it has seemed best to conclude 
with Setehell and Gardner that it belongs in Lophosiphonia. 

SUMMARY 

1. Ilapalospongidion should be recognized as a valid genus in the Ralfsi- 
aceae. 

2. Pferocliondria is described as a new genus differing from Pterosiphonia 
in the flattened discoid antheridial branches similar to those of Chondria 
and in the lack of a creeping base. 

3. Taenioma clevelandii Farlow is a valid species distinguished from T. 
perpusillum J. Ag. chiefly by the occurrence of the characteristic short flank- 
ing cells on all branches, including the prostrate rhizome, and by the rhizoids 
which are composed mostly of two cells rather than of one as in the type 
species. 

4. Gelidium caloglossoides Howe occurs frequently along the coast of 
southern California. 

5. Lophosiphonia villum (J. Ag.) S. & G. is somewhat intermediate be- 
tween Lophosiphonia and Polysiphania. Its inclusion in the first named 
genus seems to require a slight modification of Falkenberg’s concept of the 
genus. 

University op Redlands 
Redlands, California 
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PANICUM BENNETTENSE, A NEW SPECIES FROM 
NORTH CAROLINA 

Walter V. Brown 

While botanizing near Durham, North Carolina, a panicum was collected 
which at first was taken for P. angustifolium. On closer examination, how- 
ever, it was seen that it differed from that species in a number of particulars 
although belonging to the section Angustifolia. Professor H. L. Blomquist 
of the Department of Botany, Duke University, after a careful study of the 
material feels that it is an undescribed species. J. R. Swallen of the U.S.D.A. 
also expressed the view that it is a new species. 

Panicum bennettense, W. V. Brown, sp. nov. (subgenus Dicanthelium 
Hitchc. & Chase, group Angustifolia) . Planta caespitosa, 30-70 cm. alta; 
internodiis productis, 5-7, puberulis vel papillati-pubescentibus ; nodis gla- 
bratis ; vaginis sparse adscendenti-papillati-pubescentibus, superioribus 
tameii glabratis; statu vernali foliis ^15 cm. longis, 4-8 mm. latis, planis, 
in longitudine suleatis, productis acuminatisque, rigidis, ad basim paulo 
angustatis et ciliatis; foliis inferiorbus rigiduli-pubescentibus, superioribus 
scabris ad apicem involutam; ligulis ciliatis, 1-1.5 mm. longis; paniculis 
vernis longe exsertis, 5-9 cm. longis, 4-9 cm. diam. ; rhachidibus glabratis; 
ramis late extensis, deinde postea adscendentibus ; pedicellis productis, gla- 
bris; spiculis pubescentibus, 2 mm. longis, 1.2 mm. diam. elliptieis, apice 
acuminato, gluma inferiore 0.5 mm. longa, superiore et lemmate sterili aequi- 
longis; fructu 1.7 mm. longo, 1.0 mm. diam.; statu autumnali ad basim rare 
ramoso sed ad nodos mediales atque superiores sparse ramosso, ramis adscen- 
dentibus, paniculis terminalibus, 1-2 cm. longis. 

North Carolina : Durham County, dry thickets in savannah at the Ben- 
nett Memorial, 5 miles west of Durham. Type in the Duke l^niversity Her- 
barium, W. V, Brown 2492, 


S 

5 
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Fig. 1. Spikelet of P. benncttcnsc 

Plant 35-70 cm. high, erect, the lowermost internodes crisp papillo^- 
pubescent, the middle and upper sparsely puberulent, the nodes glabrous; 
lower sheaths ascending-papillose-pubescent, the upper glabrous, ciliate; 
blades 8-15 cm. long, 4-8 mm. wide, stiff, flat, long acuminate, scarcely nar- 
rowed at the usually ciliate base, the lower often longitudinally wrinkled 
and shorter, harsh pubescent, the upper scabrous especially at the involute 
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tip; ligule 1-1.5 mm. long; panicle long exserted, 5-9 cm. long, 4-9 cm. in 
diameter, wide spreading at anthesis, later ascending, the axis glabrous; 
spikelets 2.0 mm. long, 1.2 mm. in diameter, ellipsoid, slightly attenuate at 
base, acuminate at tip, turgid ; first glume about i as long as the spikelet, 
glabrous, shining, pointed ; second glume and sterile lemma equal, papillose- 
pubescent; fruit 1.7 mm. long, 1.0 mm. in diameter, elliptic. Autumnal 
culms stiffly ascending, sparsely branched at the middle and upper nodes, 
the branches ascending ; blades numerous, flat, slightly involute at the long 
acuminate tip, appressed, thin; secondary panicles terminal, 1-2 cm. long, 
often reduced to 3 or 4 spikelets. 

This species is very close to P. angustifolium Ell., differing mainly in 
spikelet characters. The spikelets of P. angustifolium are 2.5-2.8 mm. long, 
1.4-1. 6 mm. in diameter, obovate, blunt, the first glume ^ the length of the 
spikelet. P. bennettense has spikelets 2.0 mm. long, 1.2 mm. ki diameter, 
elliptic, pointed, the first glume i the length of the spikelet. The ligule is 
longer and the branches of the inflorescence more ascending than in P. 
angustifolium. 

Three stools of this species were collected on the dry, sandy, savannah- 
like park surrounding the Bennett Civil War Memorial. This park has a 
grass flora rich in species of Panicum, 30 or more mostly coastal-plain forms 
having been collected in the four or five acres. It is for this place, 5 miles 
west of Durham, that the species has been named. 

Herbarium specimens were made of the three plants and given numbers 
2d92A, 2517 y and 2472. Half of the stool of number 2492A was potted and 
grown to the autumnal phase. This was then made into herbarium specimens 
and numbered 2492B. The description is based on these four collections. A 
portion of 2492A in the vernal phase was chosen as the type, was so marked, 
and has been deposited in the Duke University Herbarium. (V)-types are 
numbered 2492A and 2492B, (ionsist of both vernal and autumnal phases, 
and are from the same plant as the type. Iso types are numbered 2472 and 
2517 and are specimens of plants in the vernal phase. Complete sets of these 
specimens have been deposited in the Duke University Herbarium, the U. S. 
National Herbarium, and the author's personal herbarium. 

The writer wishes to thank Professor H. L. Blomquist and Dr. Jason ll. 
Swallen for their opinions concerning the status of these plants; Professors 
F. A. Wolf and R. S. Rogers for help with the Latin diagnosis. Professor 
H. J. Oostiiig and Dr. Lewis E. Anderson for help in preparing the manu- 
script. 

Department of Botany, Duke University 
Durham, North Carolina 



BULLETIN OF THE TORBEY BOTANICAL CLUB 


69 ( 7 ): 541-543 


October, 1942 


THREE NEW CUSCUTAS FROM WESTERN NORTH AMERICA 

T. G. Yuncker 

Cuscuta Runyonii Yuncker, sp. nov. Caules tenues aut modici. Flores 
2-3 mm. longi a basi ad corollae sinum, glandulosi. Pedicellati aequantes aut 
longiores quam flores. Inflorescentiae umbellato-cymosae. Calycis lobi tri- 
angulares aut plus minus ovati, subacuti, appendiculati-corniculati. Corollae 
lobi ovato-lanceolati, acutissimi, tubo campanulato aut subgloboso aequilongi, 
reflexi, apices inflexi. Squamae flmbriatae ad stamina attingentes. Styli 
teimi, aequantes aut longiori quam ovarium depresso-globossum. Capsula 
depresso-globosa, non circumseissilis. Semina 4, ovala, circ. 1.5 mm. longa. 

Stems slender to medium, smooth or often with scattered papillae near 
the inflorescence. Flowers ^ ‘ white or ‘‘cream- white,’’ drying yellow or 
reddish, 5-parted, mostly 2 to 3 mm. long from the base of the flower to 
the corolla sinuses, glandular, on pedicels varying in length, but commonly 
about equal to or somewhat longer than the flowers, in loose, umbellate 
cymes of 2 to 5 or 6 flowers, these ultimate clusters also sometimes umbel- 
lately arranged, bracts mostly 1 to 1.5 mm. long, oblong-ovate to triangular, 
acute, with a short, obtuse, saccate protuberance near the base. Calyx lobes 
triangular to somewhat ovate, obtuse or acutish, not overlapping at the base, 
about reaching the corolla sinuses, or shorter, each with a prominent, spur- 
like protuberance at the base and also frequently with a somewhat smaller 
one towards the apex. Corolla campanulate to subglobose, smooth or more 
or less scabrous, somewhat bulging between the lines of the filament attach- 
ments, lobes about as long as the tube, triangular-ovate to lanceolate, re- 
flexed, acute to acuminate, tips indexed, papillate. Stamens shorter than the 
corolla lobes, filaments slightly subulate and about equal to or slightly longer 
than the oval anthers. Infrastamineal scales prominent, reaching the sta- 
mens, profusely fimbriated, bridged below the middle. Styles slender, equal 
to or longer than the depressed-globose ovary, stigmas capitate. Capsules 
depressed-subglobose, smooth or papillate, not circumscissile, surrounded by 
the corolla. Seeds about 1.5 mm. long, oval, 4 in each of the capsules exam- 
ined, embryo filiform, coiled. 

Texas : Hidalgo County, occasional on dry clay hilltops, at La Joya, June 
8, 1941, Robert Runyon 2732, type, U. S. National Herbarium; occasional 
on dry clay hills, chaparral thickets, 2 miles north of La Joya, July 13, 1941, 
Robert Runyon 2825, (Very abundant material of the above two speci- 
mens permitted division and duplicates have been deposited in the Gray 
Herbarium, New York Botanical Garden, Field Museum of Natural History, 
and the Missouri Botanical Garden) ; Zapata County, 3i miles north of 
San Ygnacio, April 1, 1938, V, L, Cory 28121 (Gray) ; Duval County, 
21 miles northwest of San Diego, October 9, 1936, V, L, Cory 17199 (Gray). 

This species is remarkable because of the spurred calyx. The spurs, which 
have been observed on no other species, are sufficiently prominent to be 
readily visible with the unaided eye. They are mostly simple, sac-like pro- 
tuberances tapering to an obtuse tip, but several were noted in which the 
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spurs were branched. They are nearly as wide at the base as the calyx lobe, 
or commonly narrower. Examination of hundreds of flowers failed to reveal 
any which were without spurs. Host plants include Calophanes decumbens, 
Erigeron canadensis, Coldenia canescens, and Nama hispida. 

This species belongs in Subsection Arvenses of Section Cleistogrammica 
and appears to be most closely related to C. glabrior (Engelm.) Yuneker, a 
common species of the southwestern United States and northern Mexico. 
The prominently spurred and somewhat more triangular lobes of the calyx 
readily distinguish it from that species, however. Prom C. appendiculata 
Engelm. of South Africa it differs in its larger flowers, much larger pro- 
jections on the calyx, character of the inflorescence, etc. It is named for 
Robert Runyon, collector of the type specimen. 



Fig. 1. Cmciita Kunyonii Yuneker, sp. nov. Fig. 2. Cmcuta aerruloha Yuneker, sp. 
nov. a, flower X 10; 6, opened corolla x 10; r, opened cjxlyxxlO; rf, fig. 1, capsule x 10; 
d, fig. 2, ovary x 10 ; c, individual scale x 20. 


Cuscuta serruloba Yuneker, sp. nov. Caules tenuissimi. Flores 4- ant 5- 
divisi, circ. 1.5 mm. longi a basi ad corollae sinum. Pedicellati longiores 
quam flores. Calycis lobi triangulares, acuti, irregulares serrati. Corollae 
lobi oblongo-lanceolati, plus aut minus acuti. Scalae oblongae, fimbriatae, 
ad stamina attingentes. Filamenta plus aut minus subulati. Styli subulati 
breviores quam ovarium subglobosum. Capsula non visa, circumscissilis ( ?). 

Stems very slender. Flowers 4- or 5-parted, about 1.5 mm. long from the 
base of the flower to the corolla sinuses, on pedicels mostly much longer 
than the flowers, in loose, mostly 3- to 5-flowered umbellate cymes, these in 
turn more or less paniculately arranged, bracts ovate, acute, denticulate. 
Calyx somewhat fleshy, lobes deltoid, not overlapping, subequal, medianally 
thickened and slightly crested near the acute apex, about reaching the corolla 
sinuses, edges irregularly toothed. Corolla lobes oblong-lanceolate, acutish, 
about as long as the campanulate tube, erect to spreading, margins entire 
or obscurely uneven. Stamens nearly as long as the corolla lobes, fllaments 
stoutish, enlarging somewhat towards the base, commonly as long as or 
slightly longer than the comparatively large, oval-ovate anthers. Infra- 
stamineal scales reaching the stamens, oblong, moderately fringed, bridged 
at about the middle. Styles stoutish and enlarging slightly toward the base, 
shorter than or about equal to the subglobose ovary, stigmas comparatively 
large, subglobose, smooth. No matured capsules are present on the material 
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examined but a line near the base of the ovary indicates that they are 
probably circumscissile. 

Mexico— COLIMA : Manzanillo, October 21, 1910, C. R. Orcutt 4457, type, 
Gray Herbarium. 

The material from which the above description is drawn is not abundant 
and does not contain any matured fruit. It appears evident, however, that 
this species belongs in Subsection Vmhellatae of Section Eugrammica, It is 
apparently most closely related to C. deltoidea Yuncker, the type of which 
was collected in the same locality. It differs from that species, however, in 
the acute, non-overlappinj? and more triangular, serrulate calyx lobes, pro- 
portionately longer corolla lobes and the shorter (?) and stouter styles. 
Prom C. lacerata Yuncker it differs chiefly in the shape of calyx and corolla 
lobes and from C. gracillima Engelmann because of its shorter stamens and 
serrate calyx lobes. 

CuscuTA SALiNA EngelmauTi var. papillata Yuncker, var. nov. Calycis et 
corollae lobi ovato-lanceolati, attenuati, acutissimi. Calycis et pedicellis 
superior pars papillosa. 

Flowers about 3 mm. long from the base of the flower to the corolla 
sinuses. Calyx and corolla lobes ovate-lanceolate, attenuately acuminate. 
Calyx and upper part of the pedicel finely papillate. Anthers ovate-sub- 
sagittate, filaments subulate. Infrastamineal scales represented by narrow, 
sparingly fringed ridges up to about the middle of the corolla tube. 

California: Mendocino County, Port Bragg, August 8-16, 1912, Alice 
Eastwood 1593, type, Gray Herbarium. 

This variety resembles the species in most respects. It differs principally 
in the papillate calyx and more attenuate perianth lobes. 

DePauw University 
Greencastle, Indiana 
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THE RESPONSE OF ACHRAS ZAPOTA IN LATEX YIELD TO 
WOUNDING BY THE IBIDEM^ METHOD OF TAPPING 

John S. Kabling 

Among the three outstanding characteristics of Hevea hraziliensis which 
have made this species the principal source of rubber is its marked positive 
response in the form of increased latex yield to the stimulus of tapping 
injury or wounding. When trees are first tapped the yield is comparatively 
slight, but as a response to daily wounding it increases steadily and even- 
tually reaches a climax. This response as well as a rapid growth rate and 
the fact that the trees may be bled daily for long periods of time make 
Hevea hraziliensis ideal for plantation cultivation and are largely respon- 
sible for the vast development of the present-day rubber industry. 

In the light of these facts preliminary experiments were made at the 
start of our Chicle Research Project, under the auspices of the Tropical 
Plant Research Foundation and the Chicle Development Company, in 
British Honduras to determine whether or not Achras zapota, the principal 
source- of chicle, can be tapped daily and will respond to wounding to the 
same degree as Hevea hraziliensis. For these experiments six healthy sapo- 
dilla trees were selected near the central camp at Tower Hill, and panels 
were marked off on the boles for tapping. These trees had a thick, hard, 
ridged outer bark which was impregnable to the tapping gouges at hand 
at that time, and in order to tap the trees it was necessary to remove the 
outer bark completely with a machete. This removal naturally led to marked 
desiccation of the softer cortical layers during the hot middays, but this 
drying out was checked by nailing heavy burlap sacks above the panels 
which could then be let down as soon as tapping and drainage of the latex 
were completed. These sacks were whetted thoroughly every day, so that the 
outer layers of the exposed cortex were kept moist. * 

Tapping began by making an oblique cut or channel at an ascending 
angle of approxipiately 40° halfway around the bole, and during the suc- 
cessive daily tappings the lower margin of the initial channel was pared 
off to reopen the ends of the latex tubes. The gouges used in these initial 
tests were crude, and it was impossible to remove less than one-eighth inch 
of bark with each successive paring. For this reason bark consumption in 
a vertical direction was considerably higher than in tapping Hevea (Maas 
1926). Daily tapping continued over a period of three weeks and was then 

1 Ibidem, meaning “in the same place “ is a descriptive name proposed* by Cook 
(1928) for the present-day method of tapping Hevea hrazilieiutis, in which the lower 
margin of the initial incision is continually pared off during successive tappings. 
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suspended because of the diflSculty of making clean-cut incisions. The 
results of these preliminary tests in grams of bone-dry chicle were as follows : 

Daily yield in grams of hone-dry chicle 


Tree no. 

Girth 

1st day 

2nd day 

3rd day 

2nd week 

3rd week 

1 

3' 2" 

42 

0.0 

0 

0 

0 

2 

2'11" 

38 

1.80 

0 

0 

0 

3 

2'10'' 

26 

0.89 

0 

0 

0 

4 

3' S" 

52 

0.0 

0 

0 

0 

5 

3' 1" 

35 

0.0 

0 

0 

0 

6 

2' 9" 

40 

0.0 

0 

0 

0 


The initial yield for the first day is quite high and compares favorably 
in proportion to tree girth with that of Hevea hraziliensis as shown by the 
results obtained by Heusser (1924-1930), Polhamus (1928), JHolder and 
Heusser (1928), Heusser and Holder (1929-1930), Schmole and Prummel 
(1930), and others. However, with the exception of trees 2 and 3 the yields 
were negative on the succeeding days. In most panels a few drops of latex 
accumulated on the pared surface of the oblique incisions if the incisions 
were accidentally made deeper and uncut latex vessels were severed, but the 
yi^ld was never of sufficient quantity to be collected. These results sug- 
gested at once that Achras zapota does not respond to the stimulus of slight 
daily wounding and cannot be profitably tapped daily in the same manner 
as Hevea hraziliensis. As a consequence our time and efforts w^ere concen- 
trated on wound stimulus experiments of another type and on modifying 
and improving the native method of tapping. 

However, in the ensuing years since these initial experiments were per- 
formed we felt that the results obtained were not conclusive, inasmuch as 
the tapping gouges used did not make clean cut incisions. Since that time 
we have modified the gouge or knife commonly used in tapping Hevea 
hraziliensis and made it more suitable to the harder bark of Achras zapota. 
For these reasons it has become desirable during the subsequent years to 
duplicate our initial ibidem experiments and determine more conclusively 
the wound stimulus possibilities of the sapodilla tree. 

Accordingly, a similar experiment was performed on thirteen trees grow- 
ing in a cohune palm grove back of the ‘‘milpa’’ at Tower Hill. Young trees 
with smooth straight boles and a thin outer bark were selected to avoid 
removal of the outer corky layers before tapping. These trees stand in a 
dense cohune palm grove bordering Doubloon Bank Savannah where the 
ground is alwa^^s damp during the rainy season. Through this grove flows 
a small sluggish stream which overflows its banks and floods the entire 
region after heavy rains. As a consequence it is not uncommon to find stand- 
ing water around the base of the trees for several days after a rainstorm. 
The dense growth of palms and other trees keep out most of the sunlight and 
wind, so that relative humidity and tree turgidity (Karling 1934) are quite 
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high throu^out the day. External environmental conditions in this region 
are thus conducive to maximum yield and sufficiently constant to eliminate 
most of the effects of transpiration, loss of turgidity, latex coagulation in the 
incisions, etc., during the period required for tapping and draining of the 
latex. Tapping began before 5 o-cloek a.m. and was usually completed shortly 
before sunrise. Quite often the work began with the aid of a flashlight, since 
most of the early dawn light was excluded by the dense growth of palms. 
With the exception of only two mornings, relative humidity was one hundred 
per cent during the tapping period and for several hours thereafter. 



Fig. 1. Tree 9 showing the manner of opening up the ibidem panels on the first day 
of tapping. Fig. 2. Tree 1 after 14 vertical inches of bark had been removed. 


Each panel was opened approximately three feet above the ground, and 
the oblique channels extended half-way around the bole as is shown in figures 
1-4. The latex was collected separately from each tree in paper cartons, 
coagulated, dried, and finally analyzed for moisture content. The improved 
highly-tempered and sharp gouges cut through the outer bark quite easily, 
severed the latex tubes cleanly, and made perfect oblique channels for the 
flow of the latex. The depth of tapping extended to within a few ipillimeters 
of the cambium, as is shown in table 1, and was kept as uniform as possible 
throughout the experiment. As in the preliminary tests, the successive daily 
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tappings were made by paring off the lower margin of the initial channel as 
sparingly as possible. Bark consumption was thus kept to a minimum, but 
still not quite as low as in tapping Hevea hraziliensis. Tapping continued 
daily without interruption for a period of twelve weeks. 

In table 1 are shown the yields for the twelve-week period together with 
tree girth, bark thickness, initial number of rows of latex vessels, depth of 
tapping, number of rows of latex tubes severed and remaining, and the 
amount of bark consumed in vertical inches. All chicle samples were analyzed 
for moisture content, so that the term ‘‘bone-dry chicle used in this table 



Pig. 3. Tree 5 at the end of the twelfth week of tapping. Fio. 4. Tree 5 showing 
the position of test incisions A, B, and C in relation to the ibidem panel. 


means complete lack of moisture. At the conclusion of tapping a chip of 
bark with the cambium attached was removed at the upper and lower limits 
of the ibidem panels as well as directly from the tapped areas. Prom cross 
sections of these bark samples the initial thickness of the bark, total initial 
number of latex tubes, and the number severed were counted and computed 
for each tree. The thickness of the bark shown in table 1 includes only the 
cortex between the cambium and phellogen. The outer hard corky layers 
are omitted in these measureinents, since they contain only dead and 
degenerating latex vessels. The number of rows of latex tubes and the thick- 
ness of the bark, however, are not constant throughout the length of the 
bole but. vary considerably in different areas to much the same degree as 




1942] 


KARLING: RESPONSE OP ACHRAS ZAPOTA 


557 


Haigh (1928) and others have reported for Hevea Iraziliensis, Within 
limited areas such as the short ibidem panels, the variations are perhaps 
less marked. Furthermore, the depth of tapping and consequently the 
number of rows of latex tubes remaining vary considerably in different 
parts of the tapped panels. Hence, the figures given in table 1 may not be 
absolutely constant for the entire panels. They relate only to the particular 
areas from which the bark samples were taken. 

TABLE 1 

Oirthf ihicknesn of barh, rows of latex vessels^ depth of tapping^ baric consumption, and 
yield from 12 trees of Achras zapota tapped by the ibidem method 
daily for 12 successive weelcs 


Tree No. 

Girth (cm.) 

Thickness of 
bark (cm.) 

Initial no. of rows 
of latex tubes 

Depth of bark 
remaining after 
tapping (cm.) 

No. of rows of 
latex tubes removed 
in tapping 

No. of rows of 
latex tubes remaining 
in untapped bark 

Bark consumption 
in vertical cm. 

Yield in grams of 
bone-dry chicle 

Ist day 

2nd day 

3rd day 
to end of 
12th week 

2 

80 

1.10 

30 

.35-.40 

20-19 

10-11 

18.12 

15.65 

0 

0 

3 

73.12 

.57 

17 

.18-.22 

10- 9 

7- 8 

17.50 

9.92 

1.42 

0 

4 

58.75 

.64 

15 

.22-.29 

12 

3 

16.87 

2.32 

0 

0 

5 

60.12 

.60 

21 

.20-.22 

16-15 

5- 6 

16.25 

10.64 

0 

0 

6 

76.25 

.95 

24 

.25~.35 

13-12 

11-12 

18.12 

5.46 

.4295 

0 

7 

78.75 

.68 

27 

.15-.20 

24-20 

3- 4 

16.25 

9.65 

0 

0 

8 

67.50 

.69 

21 

.18 

19 

2 

21.87 

5.70 

0 

0 

9 

65.62 

.65 

11 

.15-.19 

10- 9 

1- 2 

17.17 

9.75 

.394 

0 

10 

81.35 

.80 

21 

.25-.35 

11 

10 

19.67 

13.05 

0 

0 

11 

67.50 

.69 

21 

.20-.30 

15-13 

6- 8 

17.80 

6.69 

0 

0 

12 

56.35 

.55 

14 

.10-.15 

12-11 

2- 3 

15.62 

2.80 

0 

0 

13 

73.85 

.95 

26 

.20-.39 

18-16 

8-10 

35.00 

10.65 


0 


The results shown in table 1 are conclusive and leave little doubt about 
the lack of response of Achras zapota to the stimulus of daily wounding by 
the ibidem method of tapping. The yield for the first day is higher in "pro- 
portion to tree girth than in some reported trees of Hevea braziliensis and 
considerably greater than in Couma guaiemalensis (Karling 1935). With 
the exception of trees 3, 6, and 9, however, no latex or gum whatever was 
secured after the initial tapping throughout the twelve-weeks period 
although as much as eight vertical inches of bark were pared away in some 
of the trees. The second-day yield in trees 3, 6, and 9 is probably the result 
of accidental deeper tapping on that day whereby virgin, uncut latex tubes 
were severed. The latex system of all trees was continuous to some deg/ee, 
since in no instances were the deeper-lying latex vessels and cambium 
severed. As is shown in columns 5 and 7 of table 1, an average of 2 mm of 
bark and six rows of latex tubes were untouched and intact in each tree at 
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the conclusion of tapping. As soon as it became evident that no further 
yield could be secured by the ibidem method of tapping after the first day 
or two an attempt was made to determine the distance above and below 
to which the initial incisions had drained the latex supply. Accordingly, in 
tree 1 (fig. 2) the bark was deliberately pared away more rapidly, so that 
by the end of twelve weeks fourteen vertical inches had been removed. No 
latex appeared in the daily incisions until ten vertical inches had been pared 
away. Prom then on the amount increased until it was sufficient to cover 
the lower margin of the oblique cut and flow part of the distance down the 
vertical groove to the collecting cup. 

The results obtained from tree 1 indicate that an incision in the bark of 
Achras zapota drains only a limited area even when part of thedaticiferous 
system is intact and that little or no latex can be secured regardless of the 
number of incisions which may be subsequently made within such a drainage 
area. Further proof of this was secured from additional experiments on other 
trees. At the end of the twelfth week (fig. 3) trees 2-13 were tapped in the 
same manner with a gouge half-way around the bole 16 inches above and 16 
inches below as well as directly opposite the initial incision of the ibidem 
panel, as is shown in figure 4. These three additional channels are designated 
as A, B, and C in figure 4 and table 2. As is shown in this figure the latex 

TABLE 2 

Comparative yields (in prams) of the ibidem panels and channels A, B, and Cf**X6** 
above, below, and directly opposite the initial incision 


Tree No. 

Yields 

Initial cut 

Channel A 

Channel B 

Channel C 

2 

15.6.5 


6.68 

39.50 

3 

9.92 


7.02 

13.55 

5 

! 10.64 


12.88 

13.95 

6 

5.46 


8.25 

13.53 

7 

9.65 

6.43 

7.07 

11.47 

8 

5.70 

4.49 

3.60 

9.65 

9 

9.75 


6.37 

7.80 

10 

13.05 

8.26 

16.85 

26.60 

11 

6.69 


3.92 

6.72 

12 

2.80 


8.68 

4.48 

13 

10.65 


4.77 

18.55 

Average 

8.99 

5.62 

7.78 

14.98 


flowed quite freely from these channels, but the yields vary considerably. In 
all but four of the trees the ibidem panel had progressed so close to the 
ground by the end of twelve weeks that it was impossible to make channel A 
at an interval of 16 inches. In the four trees from which the data are com- 
plete, the yields from channel A are less than those of the initial incisions of 
the ibidem panel. Likewise, with the exception of trees 5, 6, 10, and 12, 
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channel B gave less chicle than the initial one. This suggests that the ibidem 
panel depleted the latex supply for a considerable distance above and below 
but not appreciably in a lateral direction. The slightly higher yield from 
channel C in all but one instance might perhaps be regarded as a response 
to the stimulus of wounding, but in the light of the wide variations in yield 
from opposite sides of the same tree which have been secured from other 
wound stimulus experiments, this seems highly questionable. The general 
averages in table 2 show that the yield from channels A and B are not very 
far below those of the ibidem panels. The fact that they yielded any chicle 
at all, while the ibidem incisions remained almost completely dry after the 
first day clearly indicates that an incision in the cortex of Achras zapota 
which leaves the laticiferous system intact and continuous to some degree, 
nonetheless, drains only a limited area. This fact is supported by extensive 
data from other tapping experiments. 

The data from this ibidem tapping experiment confirm the results of the 
preliminary tests and show without much doubt that the sapodilla tree in 
British Honduras does not respond to the stimulus of wounding as does 
Hevea braziliensis. These results, however, do not prove conclusively the 
complete lack or absence of response to injury in Achras zapota, but only 
that the method of stimulation employed on the rubber tree does not produce 
similar results on the chicle tree. While the many diverse methods of tapping 
which have been tried up to the present time have failed to show evidence 
of a wound response, it is not improbable, in light of the positive data from 
Pinus, HeveUy and other genera, that this characteristic exists to a lesser 
degree in the sapodilla tree also and that a type of bleeding may possibly be 
found which will reveal its presence. Nevertheless, it is quite obvious from 
the above experiment that Achras zapota cannot be tapped profitably daily 
on a limited panel of cortex. 

Whether or not the difference in response between Hevea braziliensis and 
Achras zapota is entirely due to differences in type, structure, and continuity 
of the latex system is not certain. The latex tubes of the former species are 
more continuous, closely anastomosed, and numerous than in Achras zapota 
(Karling 1929), and this difference may be a contributing factor. 

SUMMARY 

Tapping experiments on Achras zapota in British Honduras involving 
application of the ibidem method commonly used on Hevea braziliensis indi- 
cate a lack of response to the stimulus of wounding. The initial oblique in- 
cisions in the cortex drain the latex from an area approximately 10 to 14 
inches above and below, and daily pairings of the lower margin of the in- 
cisions within such areas yield no additional latex. The results obtained 
show that Achras zapota cannot be tapped profitably by the ibidem method 
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and that the successive incisions in the cortex must be spaced approximately 
14 to 16 inches apart to secure the maximum yield per tapping. 

Botany Department, Columbia University 
New York 
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PLANT NUTRITION AND THE HYDROGEN ION— III. SOIL 
CALCIUM AND THE OXALATE CONTENT 
OF SPINACH 

R. A. SCHROEDER AND Wm. A. AlBRECHT^ 

With the fuller recognition of the fact that the increase of hydrogen on 
the exchange complex, or colloidal fraction, of the soil is the approximate 
reciprocal of the loss therefrom of plant nutrient cations, the wide range in 
soil acidity should augur a wide range in the chemical composition of plants. 
This range may be expected both between plant species and within the same 
species. Some species reflect the soil nutrient shortage by reduced growth. 
Others on the same soil do not manifest lowered mass production as the reflec- 
tion of the soil fertility shortage. They must therefore have lowered concen- 
trations or totals relative to those soil-given nutrients that are deficient for 
the other plants. 

Among the garden vegetables, spinach is a crop that usually makes ample 
growth over a wide range of soil differences. Its composition in ash con- 
stituents is widely variable (6, 2). Its content of oxalate has also been called 
to attention for its wide fiuctuation (5). Because the oxalate is commonly 
considered a metabolic by-product, the variable amounts of this carbon com- 
pound in the crop as related to different levels of soil calcium and to different 
degrees of soil acidity may shed some light on the interrelations of all these 
in the plant processes. The dietary importance of spinach as a carrier of 
calcium, magnesium, and other nutrients, subject to fluctuations caused pos- 
sibly by soil variations, encouraged the following study of the oxalate con- 
tent of spinach in relation particularly to the exchangeable calcium in the 
soil. 

PLAN OF THE EXPERIMENT 

As a means of controlling the nutrient supply in the substrate, the sub- 
soil of the Putnam silt loam with its high content of colloidal clay was used 
as a carrier of the exchangeable nutrients. Since not only the clay fraction 
(1) but also the silt fraction of this soil type are almost inert toward plant 
growth (3), the coarser fractions were not removed from the finer colloidal 
ones. The subsoil clay used had an exchange capacity of roughly 28 M.E. per 
100 gms. Twelve of the 28 M.E. were hydrogen, twelve were calcium, and 

1 Assistant Professor of Horticulture and Professor of Soils, respectively. (Contribu- 
tion from the Departments of Horticulture and Soils, Missouri Agricultural Experiment 
Station, Journal Series No. 821. 
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the balance of the clay's capacity was taken by other elements in minor 
amounts. 

A series of different amounts of calcium was provided by putting specific 
amounts of it on the clay and using more or less of the treated clay so as to 
offer 0, 3, 6, 9, and 12 M.B. per plant. The other nutrients similarly supplied 
in constant amounts included: nitrogen 10 M.E., potassium and phosphate 
6 M.E. each, and 3 M.E. each of magnesium and sulfate per plant. 

One series was made up by adding oxides and hydroxides of the elements 
to the acid colloidal clay to give a nearly neutral condition with a final pH 
of 6.8. The second series was made up by adding them as salts, namely 
chlorides and sulfates, so that an acid soil at pH 5.2 resulted. These series 
will be spoken of as the ‘‘neutral" and the “acid" series respectively. The 
clay carrying its supply of exchangeable ions was mixed with quartz sand ; 
put into porous clay pots ; planted to a final crop of one plant per pot ; and 
replicated as 40 pots in a single treatment. The amounts of nutrients and of 
clay per plant were those given in table 1. The plants were grown from Peb- 

TABLE 1 


Nutrients added to the soil to provide variable calcium levels in 
**acid^* and ** neutral** soils 



Nutrients per plant 

Clay per 

Result- 


Ca 

N 

P 

K 

Mg 

S 

Cl 

plant 

ing pH 


M.E. 

M,E. 

M.E. 

M.E. 

M.E. 

M.E. 

M.E. 

gms. 



0 

6 

6 

6 

3 

3 

2 

91.5 

5.2 


3 

6 

6 

6 

3 

3 

1 

100.0 

5.2 

pH 5.2 

6 

6 

6 

6 

3 

3 

2 

125.0 

5.2 


9 

6 

6 

6 

3 

5 

3 

150.0 

5.2 


12 

6 

6 

6 

3 

9 

4 

175.0 

5.2 


0 

6 

6 

6 

3 

3 


125.0 

6.8 


3 

6 

6 

6 

3 

3 


150.0 

6.8 

‘‘NeutraP' 

6 

6 

6 

6 

3 

3 

.. 

175.0 

6.8 

pH 6.8 

9 

6 

6 

6 

3 

3 



200.0 

6.8 


12 

6 

6 

6 

3 

3 

.... 

225.0 

6.8 


ruary 10 to April 15, or a period of 64 days, after which the tops were 
harv’^ested; dried at 65° C. ; weighed; and prepared for chemical analyses. 


RESULTS 

The growth of the crop as related to increments of exchangeable calcium 
on the two soils of different degrees of acidity is shown in figure 1. The neu- 
tral soil produced slightly more spinach than the acid soil, a mean increase 
amounting to 7.8 per cent. In its response to calcium, this crop demonstrated 
the beneficial infiuence of the increasing amounts of calcium applied in the 
exchangeable form, regardless of whether the soil was at pH 5.2 or 6.8. 
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The chemical analyses included determinations of the oxalate, and of 
calcium, magnesium, strontium, manganese, and potassium. Some of these 
determinations were made by regular laboratory methods recognized as 
standard procedures, while some were spectrograph ic analyses. The results 
of these chemical analyses, in terms of concentrations, are assembled in table 
2. They are given in terms of totals in the crop in table 3. 

TABLE 2 

Concentrations {percentage) in the crop of spinach when grown at pH 5.2 and at pH 6.8 
with variable amounts of exchangeable calcium offered 


Soil 

pH 

Calcium 

offered 

Determinations of 

Oxalate 

Calcium 

Magnesium 

Strontium 

Manganese 

Potassium 


M.E. 

per cent 

2)er cent 

per cent 

per cent 

per cent 

per cent 


0 

4.87 

0.92 

0.78 

0.0044 

0.086 

6.54 


3 

4.54 

0.97 

0.78 

0.0046 

0.093 

6.86 

5.2 

6 

5.36 

1.21 

0.91 

0.0053 

0.093 

6.22 


9 

5.31 

1.23 

1.03 

0.0064 

0.130 

6.28 


12 

5.01 

1.39 

1.21 

0.0077 

0.225 

6.49 


0 

3.43 

0.53 

0.52 

. 0.0020 

0.043 

5.37 


3 

3.98 

0.60 

0.61 

0.0023 

0.038 

5.88 

6.8 

6 

3.73 

0.57 

0.57 

0.0025 

0.038 

5.86 


9 

4.02 

0.59 

0.54 

0.0025 

0.040 

6.49 


12 

3.35 

0.66 

0.63 

0.0026 

0.037 

6.92 


TABLE 3 

Totals {M.E.) in the crop of spinach when grown at pH 5.2 and at pH 6.S with variable 
amounts of exchangeable calcium offered 


Soil 

Calcium 



Determinations of 



pH 

offered 

Oxalate 

Calcium 

Magnesium 

Strontium 

Manganese 

Potassium 


M.E. 

M.E. 

M.E. 

M.E. 

M.E. 

M.E. 

M.E. 


0 

48.8 

20.3 

28.5 

0.44 

1.38 

73.7 


3 

54.4 

25.7 

34.0 

0.56 

1.80 

92.5 

5.2 

6 

60.1 

29.8 

36.9 

0.59 

1.68 

78.5 


9 

67.4 

34.5 

47.7 

0.81 

2.66 

89.9 


12 

65.0 

39.7 

57.0 

1.00 

4.67 

94.7 


0 

37.3 

12.8 

20.5 

0.22 

0.75 

65.6 


3 

54.2 

18.1 

30.3 

0.31 

0.84 

90.1 

6.8 

6 

47.3 

16.1 

26.4 

0.32 

0.78 

83.8 


9 

47.3 

15.2 

23.0 

0.29 

0.75 

86.0 


12 

48.5 

21.2 

33.0 

0.38 

0.87 

112.8 


One of the outstanding features of the chemical composition of the spin- 
ach crop is its higher concentrations and higher total contents of the oxalate, 
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and of calcium, magnesium, strontium, manganese, and potassium, when 
grown on the soil originally at pH 5.2 than when on the soil at pH 6.8. In 
addition, these different concentrations and totals increased, in general, with 
the increments of calcium in the acid soil, but not so much so on the neutral 
soil. These increases were apparently associated with increased metabolic per- 
formances by the plant as indicated by the larger amounts of oxalate. The 


m. 

|iM fa 


CALCIUM MC APPLIED 


CALCIUM ME PER PLANT 


Mdjnolum 

Calciu/n pfws 

Magnesium 


v/rplu^of ba^es 




Ma2ne3ium 
Calcium plus 
Magnesium 


ilfTfflTEiErirai! 


CALCIUM MC PER PLANT 


CALCIUM ME PER PLANT 


Fig. 1. Weights of spinach (dry and fresh) in relation to the exchangeable calcium 
applied to the soil at different degrees of acidity. Fio. 2. Concentrations and total 
amounts of oxalate in spinach as related to the exchangeable calcium in the soil. Fio. 3. 
Amounts (M.E.) of oxalate, calcium, magnesium, and of the latter two combined, in the 
spinach crop in relation to the exchangeable calcium in an acid soil, pH 5.2. Fio. 4. 
Amounts (M.E.) of oxalate, calcium, magnesium, and of the latter two combined, in the 
spinach crop in relation to the exchangeable calcium in a neutral soil, pH 6.8. 
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concentrations of the oxalate in the spinach were higher on the acid than on 
the neutral soil, but not significantly related to the amounts of applied cal- 
cium at either pH as is shown in figure 2. That the total amounts of the 
oxalate in the spinach crop were related to the increments of applied calcium 
on the acid soil is very evident from the uppermost graph. On the neutral 
soil the amounts are lower and less closely related to the calcium applications. 

Since the oxalate in chemical combination with calcium forms a very in- 
soluble compound, and likewise when combined with magnesium, it will be 
interesting to note the amounts of oxalate as they are excessive or deficient 
for complete precipitation of the calcium and magnesium and thus put these 
two nutrients into possibly inert forms so far as ordinary digestive processes 
are concerned. These possible relations between the amounts of oxalate in 
contrast to those of calcium and magnesium combined are best shown in 
figure 3 for the acid soil and in figure 4 for the neutral soil. 

For the acid soil, the combined amounts of calcium and magnesium were 
increasingly greater than their equivalent in oxalate as more calcium was 
applied. The calcium treatment may thus be considered as providing both 
calcium and magnesium in the crop in amounts beyond those which would 
be precipitated by the oxalate. There would then be available this surplus 
of these bases, calcium and magnesium, of possible nutritional value even if 
significant amounts of them had been made insoluble through precipitation 
by the larger amounts of oxalate. This surplus of bases is relatively larger 
as more calcium is applied. This is shown by the ratio of the oxalate to the 
equivalent of calcium, which ratio became narrower, or shifted from 2.4 to 
1.6, as more calcium was added to the soil at the outset. It raises the question 
whether additional offering of calcium might not have given a ratio of one 
or less, or enough calcium so that it alone might serve to precipitate all the 
oxalate. 

Though the magnesium was applied in constant, exchangeable amount to 
the soil, the total amounts of it in the crops increased with the increments 
of calcium applied to the soil. In all cases the magnesium in the crop was 
larger than the calcium by 25-40 per cent on the acid soil series, and by 
50-60 per cent on the neutral soil. But even then in the latter case, or on the 
neutral soil, the totals of magnesium were less, in general, than those of 
calcium on the acid soil. Hydrogen ion absence had reduced the calcium 
intake by the crop more than the intake of magnesium, or the presence of 
the hydrogen ion activates the calcium for crop use relatively more than it 
does the magnesium. 

The order of these three ions, viz., hydrogen, calcium, and magnesiuin, 
in their decreasing degree of adsorption on the clay colloid, may be sugges- 
tive. According to this lyotropic series (4) hydrogen is adsorbed to a "greater 
degree than calcium, and calcium to a greater degree than is magnesium. 
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Accordingly, in the presence of hydrogen to place calcium and magnesium 
as second and third in the series, the diflference in their migrations into the 
plant is less than when in the absence of hydrogen they are first and second 
in the adsorption series. Such visualization of these differences may not be 
the facts, but it is suggestive and helpful in connection with the differences 
in mobilization of these two bases into the plants in the absence and in the 
presence of the hydrogen ion on the clay. 

In the case of the neutral soil, the combined amounts of calcium and 
magnesium were not the equivalent of the amounts of oxalate, except where 
12 M.E. of calcium were offered per plant. At this high level of calcium 
offered on the neutral soil, it is important to note that both the oxalate and 
the calcium in total were just close to the equivalent of that in tl^e crop on the 
acid soil given no exchangeable calcium. There was then an excess of oxalate 
which might be expected to precipitate all of the calcium and magnesium 
and lead us to believe these mineral elements in the crop unavailable for 
human digestive use. The crop grown under such conditions would not pro- 
vide these minerals as a vegetable of this type is commonly believed to do. 

With the oxalate as one of the plants^ metabolic by-products, then, it is 
evident that the plants were physiologically more active when grown on the 
acid soil, pH 5.2, than when on the neutral soil, pH 6.8. This is indicated by 
the higher concentration of oxalate as well as of nutrient cations in the plants 
on the former than on the latter. This difference in the oxalate amounted as 

r 

a maximum to 2.0 per cent, and as a minimum to 0.52 per cent, as concen- 
trations in the dry matter. As a mean, the percentage content of oxalate was 
one-third higher in the former because of the acid condition of the soil. Even 
though the concentration of oxalate was higher, there was more than enough 
of the oxalate-precipitating bases taken by the plants from the soil under 
acid conditions to combine it into the less soluble forms. On the neutral soil, 
the concentration of oxalate was lower than that in the acid soil by one- 
fourth, as a mean. But even then, because of the deficiency in the total of the 
two oxalate-precipitating bases which were less than their equivalent in 
oxalate, this excess of the oxalate could precipitate and make unavailable 
some of the calcium contributed to the human digestive mix from other food 
sources. Thus the spinach might not only be valueless as a calcium contribu- 
tor, but might even be damaging to the effects by other foods serving this 
purpose (7). 

Whether such views are the actual facts of human digestion, and whether 
the soil fertility supporting their growth determines the degree to which 
vegetables are digestive satisfactions or disappointments in our dietary, 
remains to be more fully determined. They suggest, however, that it might 
be well to test this hypothesis by means of some assays with smaller animals 
as help in appreciating the possible situation in human nutrition. Only by 
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such means can the final facts be fully established even though plant com- 
position differences in relation to fertility variations suggest that human 
deficiency troubles may find their origin in the deficient calcium and mag- 
nesium of the soil on which such vegetables and possibly other products are 
produced. 

SUMMARY 

By using the oxalate concentration in the spinach crop as an index of 
the plants’ performances on soils with increasing amounts of calcium under 
pH of 5.2 and of 6.8, it was shown that the concentration of oxalate in the 
crop on the acid soil was higher than on the neutral soil. The total in the crop 
was similarly higher. When the total oxalate was related to the totals of 
calcium and magnesium it was shown that on the acid soil the amounts of 
calcium and magnesium taken together were more than the equivalent of 
the oxalate. With larger additions of calcium to the soil, these two basic 
cations were present as an increasing surplus over the oxalate. 

On the neutral soil the combined amounts of these two cations were not 
the equivalent of the oxalate except in the case of the soil with the highest 
calcium application. This soil gave a spinach crop with an excess of the 
oxalate. Such a result raises the question whether this excess of oxalate may 
not represent a disturbing condition in the form of calcium deficiency for 
the plant functions as normal growth. 

If the oxalate is considered as removing the two bases, calcium and mag- 
nesium, out of reaction in the digestive processes of animals, these results 
suggest that calcium as a soil treatment for spinach on an acid soil may 
provide the crop with calcium and magnesium as surpluses over that com- 
bined with the oxalate and therefore may contribute some of these minerals 
of nutritional use. If this soil treatment is applied on a neutral soil, or as a 
carbonate that should result in neutrality, there is the suggestion that the 
crop may be so deficient in bases with respect to its oxalate content that this 
excess of oxalate may not only make the spinach of no nutritional value as 
a provider of these bases, but may even make it injurious as this excess of 
oxalate disturbs the calcium coming from other food sources. The composi- 
tion data of the spinach suggest the need for attention to both the calcium 
and the magnesium supplies, and to the reaction of the soil growing this crop 
if the fullest values in terms of its content of these nutrient bases are to be 
realized. 

Missouri Agriculturai. Experiment Station 
Columbia, Missouri 
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THIAMINE PRODUCTION BY ACTINOMYCES 
VIRIDOCHROMOGENUS 

J. Arthur Herrick and Const. J. Alexopoulos’ 

• 

During the course of some recent studies on the inhibitory effects of 
actinomycetes on fungi, six species of Actinomyces were grown on liquid 
media containing sucrose, peptone, and inorganic salts. The mycelium was 
removed by filtration, the filtrates acidified and then sterilized by autoclav- 
ing. Portions of the filtrate from each Actinomyces were inoculated with 
each of nine species of fungi. The degree of inhibition was to be determined 
by comparing the amounts of fungous mycelium produced in the filtrates 
with that produced in suitable controls. Owing to the uncertain effects of 
autoclaving on the inhibitory substances this technique was abandoned for 
the time being, in favor of growing the actinomycetes and the fungi in 
apposition on agar (2). Observations made while the filtrate experiments 
were still in progress, however, revealed that the growth of Stereum gausa- 
patnm was considerably greater on the filtrate from Actinomyces virido- 
chromogenus than on the control medium. The stimulatory effect of this 
filtrate on 8, gausapatum was strikingly similar to the effect produced by 
thiamine on the same fungus (6). The possibility that A. viridochromogenus 
synthesizes and liberates thiamine in culture seemed likely. The present 
paper deals with the investigation of this problem. 

EXPERIMENTAL STUDIES 

A liquid culture medium was prepared according to the following for- 


mula : 

Sucrose 30.0 gm. 

Asparagine 1.5 gm. 

MgS04 0.5 gm. 

K3HPO4 1.0 gm. 

KCl 0.5 gm. 

FeClj, 0.1 gm. 

Distilled water 1.0 liter 


The H-ion concentration was adjusted to pH 9 and the medium auto- 
claved for 10 minutes at 15 lbs. pressure. This caused a precipitate to foirm 


1 The writers wish to express their appreciation to Dr, H. A. Cunningham, dftiirman, 
Department of Biology, Kent State University, for his encouragement and cooperation in 
providing research facilities. 
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which was removed by filtration through filter paper, The medium was then 
restored to its original volume by the addition of distilled water and the 
H-ion concentration adjusted to pH 7.3. Several 200-cc. Erlenmeyer flasks, 
each containing 50 cc. of the medium, were sterilized by autoclaving for 15 
minutes at 15 lbs. pressure. One of the sterile flasks was opened and the pH 
of the medium was found to be still 7.3. One-half of the flasks were then 
inoculated with a heavy spore suspension of A. viridochromogenus ; the 
remaining flasks were reserved to be used later as controls. After 27 days, 
the Actinomyces mycelium was removed by filtration through filter paper, 
the filtrate restored to its original volume with distilled water, and the acid- 
ity adjusted to pH 5.4. The medium was returned to its original flasks in the 
same amounts as before. The sterile control medium was similtyrly restored 
to volume and its pH adjusted to 5.4. The flasks of media were again steril- 
ized by autoclaving for 15 minutes at 15 lbs. pressure. On the following day 
the flasks of media were inoculated as follows : a) three flasks of Actinomyces 
filtrate and three flasks of control medium were inoculated with S. gausa- 
patum, b) three flasks of Actinomyces filtrate and three flasks of control 
medium were inoculated with Phycomyces blakesleeanus. 

8. gatisapatum produced only a scanty submerged growth on the control 
medium, whereas it produced a heavy surface mycelium on the Actinomyces 
filtrate. The difference between the growth of this fungus on the Actinomyces 
filtrate and on the control medium was even more striking than before be- 
cause in the inhibition experiments a peptone medium was employed which 
supports the growth of 8, gausapatum much better than does the asparagine 
medium (5). 

Within three days after inoculation, P, blakesleeanus ^ which is a rapidly 
growing fungus, had produced a heavy surface mycelium and an abundance 
of sporangiophores in the flasks of Actinomyces filtrate. In the control 
medium, there was a weakly developed, submerged mycelium and absolutely 
no sporangiophores. A week after inoculation, the three cultures of Phy- 
comyceSf in each of the two media, were filtered through two previously 
dried and weighed filter papers, respectively, and the dry weight of the 
mycelium determined. The dry weight of the mycelium of P. blakesleeanus 
produced in three flasks of Actinomyces filtrate was 137 mgms., w^hile that 
produced in three flasks of control medium was 87 mgms. 

As a further check, a solid medium, made by adding 2 per cent of ‘‘Difco 
bacto-agar’’ to the above formula, was prepared and poured into Petri dishes. 
The plates were inoculated with A, viridochromogenus along a two-inch line 
near one edge of the plate. One week later the same plates were inocu- 
lated near the opposite edge with P. blakesleeanus. A sparse growth of Phy- 
comi/ces covered the plate in a few days. Near the line of Actinomyces growth 
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there appeared a much more dense mycelium of Phycomyces as well as an 
abundance of sporanj^iophores. 

DISCUSSION AND CONCLUSIONS 

It is a recognized fact that Phycomyces blakesleeanus cannot grow well 
without thiamine or its immediate precursors, and further, that the quantity 
of mycelium produced may be determined by the amount of thiamine avail- 
able (1). The only thiamine in the original liquid culture medium was the 
slight trace which is believed to occur as an impurity in the asparagine (3, 8). 
In the solid medium employed in these experiments there are two sources of 
thiamine, namely, that provided by the asparagine, and that which occurs 
in the ‘‘Difco bacto-agar^’ used as a solidifying agent (4). The pronounced 
growth and sporangiophore production by P. blakesleeanus in the medium 
which had previously supported A. viridochromogenus, in contrast to the 
poor growth and absence of sporangiophores in the control medium, is 
otfered as proof that A. viridochromogenus produces significant amounts of 
thiamine, or its immediate precursors, in culture. 

It is of interest to note that Mackinnon (7) has recently demonstrated 
that Actinomyces alb us is also able to produce thiamine in culture media. 
Further investigations are now in progress to determine whether or not 
thiamine production is a general property of the genus Actinomyces, 

SUMMARY 

Actinomyces viridochromogenus was growm on an alkaline liquid medium. 
The cultures were then filtered, the filtrate acidified and autoclaved. This 
filtrate was found to support a heavier growth of Stereum gausapatum than 
similar media which had not previously supported A, viridochromogenus. 
Similar, but more pronounced results were obtained when Phycomyces 
blakesleeanus was substituted for the Stereum. When P. blakesleeanus was 
grown on agar plates previously inoculated with A. viridochromogenus, 
Phycomyces produced a much denser mycelium and a crop of sporangio- 
phores in the vicinity of the Actinomyces colony. Since the growth of the 
P. blakesleeanus is a recognized assay for thiamine it is concluded that A. 
viridochromogenus produces thiamine in culture. 

Department of Biology, Kent State University 
Kent, Ohio 
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AN ANALYSIS OF THE WOOD OF THE THREE COMMERCIAL 
SPECIES OF WHITE PINE 

Edwin B. Matzke and Robert L. Hulbary 

In the course of work on the lumber of the three white pines of commerce 
— Pimis strohus, northern white pine, P. monticola, western or Idaho white 
pine, and P. lamheriiuna, siij?ar pine — it was necessary to distinj^uish micro- 
scopically between the wood of these species. An examination of the litera- 
ture failed to disclose any very definite and infallible criteria which could be 
used, and therefore a brief treatment of the results of investigations on the 
microscopic characters of the wood is herewith presented, together with some 
broader considerations of the interrelationships of these species.. 

The similarity in the wood of these pines is almost to be expected, since 
the trees have so much in common ; in fact, the western white pine has been 
considered a variety of the northern. All of them are tall and straight five- 
needled pines, having needles of nearly the same length, and similar cones. 
The latter are long-stalked, comparatively elongated, and rather thin-scaled, 
the scales are unarmed, and the seeds have relatively large wings; the seeds 
of all of them mature in the second season. Pinus strobus is usually distin- 
guished from the others by its more delicate and slightly longer leaves and 
by its somewhat shorter cones, while P. lamhertiana differs from P. monticola 
especially in having larger cones and slightly coarser needles. In internal 
leaf structure, P. strobus and P. monticola are similar in having thinner- 
walled subepidermal cells, while P. lambertiana has thicker-walled cells 
beneath the epidermis and usually around the resin ducts (Coulter and Rose 
1886; Sargent 1897). Although there are constant differences between these 
species, they are fundamentally similar and obviously related. Pinus strobus 
covers a wide area in eastern North America ; P. monticola is found in north- 
ern Montana and Idaho and farther west from British Columbia into Cali- 
fornia ; P. lambertiana extends from Oregon southward into Lower Califor- 
nia (Sargent 1897, 1933; Britton 1908). 

On the basis of wood characters, Record (1934) groups Pinus strobus 
and P. monticola together in his key and states that the lumber of the latter 
is “ordinarily not distinguishable’^ from that of the former. The essential 
similarity of the wood of these three species is also evident from a study of 
the table of characters given in the article by Phillips (1941), In dealing 
with minute features, Brown and Panshin (1940), in their excellent book,, 
separate these three pines on the tangential diameter of the Icmgitudinal 
resin canals and on the number and general character of the pits leading 
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from the ray parenchyma cells to the spring tracheids. They characterize the 
ray parenchyma pits of P. lambertiama as ‘Marge (window-like)/’ “rounded 
and more or less widely spaced’’; those of P. monticola are described as 
“large (window-like),” “more or less angled and occupying most of the 
back wall”; in P. strohus they are called “large (window-like),” “more or 
less angled and occupying most of the back wall.” Penhallow (1907) de- 
scribes the ray parenchyma pits of P. lambertiana as “very large, oval”; 
those of P. monticola as “large, oval or oblong or lenticular”; those of P. 
strobiis as “very large, oval, or lenticular.” Larsen and Woodbury (1916) 
have also made careful comparisons of P. strobns, P. monticola^ and P. lam- 
bertiana. They caution judiciously that identification of the wood by means 
of either gross or minute characters should rest on comparison of all avail- 
able features, and not on any one alone. Anatomical differences between 
groups of species of pines are given by Rol (1932) ; using the details of the 
ray tracheids and of the ray parenchyma pits, he places P. strobus and P. 
monticola both in the section Strobus, without listing further distinguishing 
features. P. lambertiana is not included in his scheme. The general wood 
anatomy of the pine, especially of P. strobus, is taken up by Jeffrey (1917). 
Spaulding and Pernow (1899) have considered P. strobus in detail. General 
wood characters of all the commercial pines are thoroughly discussed by Hall 
and Maxwell (1911). 

The gross characteristics of the wood of these three pines show striking 
similarities. In each species the wood is rather soft, straight-grained, fairly 
light in color and in weight, and the transition from spring to summer wood 
is gradual. The resin canals extend in both longitudinal and transverse 
directions, and they are numerous and easily visible to the naked eye. Sugar 
pine is distinguished from the other two species, macroscopically, by its 
somewhat coarser texture, its more conspicuous and often dark brown resin 
ducts, by the sugary exudation often found in newly cut wood, by its stronger 
odor, and by its slightly different color. Idaho white and northern white pine 
wood vary in color from nearly pure white to reddish brown ; sugar pine is 
not so nearly white in color, nor is it ever quite so reddish brown as the other 
two. Idaho white pine wood can hardly be distinguished from that of the 
northern white pine on gross characters, though the color is often somewhat 
lighter in the former. 

The more minute features of the wood of these three pines, as revealed 
by microscopic examination, are also similar. The general characters of the 
tracheids, of the resin ducts, the absence of dentate ray tracheids, and the 
general similarities of the pits of the ray parenchyma cells, ak contrasted 
with those of other species of pine — ^all show a striking likeness in these 
species. However, Brown and Panshin (1940) as well as Larsen and Wood- 
bury (1916) point out that the diameter of the resin ducts is greatest in 
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P. lambertiana and least in P. strobus, and they also indicate, in somewhat 
general terms, that there are differences in the pits on the radial walls of 
the pith-ray cells. Brown and Panshin further state that the average 
diameter of the tracheids is greatest in P. lambertiana and least in P. strobus^ 
though in this respect the difference between P. lambertiana and P. monticola 
is slight. , 

In the present study mature wood and sections of wood obtained from 
four different sources were used for comparison. The results are based on 
large numbers of sections. They do not include investigations of twigs, of 
the earliest annual rings, of roots, or of trees growing under unusual con- 
ditions. 

A microscopic study of these three species shows that one of the most 
reliable differences in minute structure is found in the pits of the ray paren- 
chyma cells. These pits, which occur on the walls of the ray parenchyma cells 
in contact with the radial walls of the tracheids, vary in size, in shape, and 
in distribution. Figures 1, 2, and 3 are radial sections of the wood of Pinus 
lambertiana, P. monticola, and P. strobus^ respectively. The vertical lines 
represent sections longitudinally through the tracheids, while the horizontal 
lines show the ray parenchyma cells. A ray tracheid is also shown in figure 2. 
All the drawings were made from spring tracheids. 

It is obvious from figure 1 that each ray parenchyma cell in P. lamber- 
tiana usually has two pits per tracheid. However, although this is rather 
generally true, there may be only one, as frequently happens also in the nar- 
row tracheids of the summer wood, or there may be three or occasionally 
four in wide tracheids of the spring wood. Brown and Panshin and Larsen 
and Woodbury speak of these pits as round, or rounded, but this description 
seems hardly adequate. In the spring wood they are somewhat lemon-shaped, 
often more or less apiculate both above and below, along a diagonal axis, as 
shown ill figure 1. Although this shape of the pits is not invariable, it very 
generally occurs, and it seems to be the most reliable microscopic character 
in identification of the species. These pits are somewhat smaller, both actually 
and relatively, than in the other two species. They are also more uniform in 
size and more regular in outline than in P. monticola and P. strobus. In the 
summer wood they are distinctly narrowed along the diagonal axis. 

From the standpoint of minute wood anatomy, the structure of P. mon- 
ticola comes close to that of P. lambertiana. Here again there are usually two 
pits per ray parenchyma cell for each tracheid, but there may be just one, 
especially on the narrower tracheids, or there may be more than two, though 
usually there are not more than three. In this species the pits vary greatly, 
as is shown in figure 2. Some of them are strongly suggestive of those char- 
acteristic of P. lambertiana, though usually they lack the suggestion of the 
apiculate feature found in the latter species. Many of the pits of P. mow- 
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ticola are rounded, though usually somewhat irregularly so, and some of 
them are distinctly oval. If there is just one pit per tracheid, it may be dis- 
tinctly flattened horizontally and rounded at the ends. The pits of P. mon- 
iicola normally occupy more of the available wall space than those of P. 
lamhertiana, and they are somewhat larger; they lack the uniformity of 
orientation so characteristic of the latter species. 

In the wood of the northern white pine, P. strohus, the diameter of the 
tracheids of the spring wood is normally less than in the other two species. 



Fig. 4. Diagram of an oblong ray parenchyma pit. Fig. 5. Diagram of an elliptical 
ray parenchyma pit. The axes that were measured for tables 1 and 2 are indicated by the 
dotted lines, a and h. 


Often there is a single large oblong pit for each ray parenchyma cell per 
tracheid, as shown in figure 3, Not uncommonly there are two such pits, 
however, and occasionally there may be three. If there are two or three pits, 
they are not so elongated, but more rounded ; the suggestion of an apiculate 
feature is rarely present. These pits are larger than those of the other two 
species, and they occupy a greater proportion of the available wall space. On 
the basis of these pit characters, P. strobus is distinguished from the others. 

Data to illustrate these features are given in tables 1, 2, and 3. The pit 
measurements of table 1 were made with an ocular micrometer. The length 
of elliptical pits was taken along the long axis, as indicated by a in figure 5, 
regardless of whether this axis was horizontal or oblique ; the short dimen- 


Explanation of figures 1-3 

Fig. 1 . Longitudinal section of the spring wood of the sugar pine, Pinus lamberiiana^ 
showing the ray parenchyma pits. The pits here are lemon-shaped, some more or less apicu- 
late, usually two per ray crossing, x 370. Fig. 2. Longitudinal section of the spring wood 
of the Idaho white pine, P. monticolaf showing the ray parenchyma pits. The pits l^ye are 
mostly somewhat irregularly rounded or slightly oblong, usually two per ray crossing. A 
ray tracheid is shown above, x 370. Fig. 3. Longitudinal section of the spring wood of the 
northern white pine, P. strobus, showing the ray parenchyma pits. The pits here are mostly 
oblong, often one per ray crossing, x 370. Pits in the upper and lower walls of the ray 
parenchyma cells are not shown in these illustrations. 
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sion, b, was taken at right angles to the long one. Oblong and rectangular 
pits were measured along the horizontal and vertical axes. The pits were 
chosen at random. These measurements are significant as indicating relative 
rather than actual dimensions. It would be possible, for instance, to choose 
pits of P, lamhertiana with dimensions larger than those of chosen pits of 
P. strobus. In no case were measurements made from summer tracheids. 

An inspection of table 1 indicates that the pits are longest in P. strobus and 


TABLE 1 

Dimensions of ray parenchyma pits on radial walls of tracheids 



P. lambertiana 
Average in p 
per pit 

P. monticola 
Average in p 
per pit 

P. strobus 
AveifVige in p 
per pit 


Length Width 

Length Width 

Length Width 

2 pits per ray crossing . ... 

1 pit per ray crossing 

17.5 12.0 

(200 pits) 

21.7 13.6 

(200 pits) 

15.1 15.0 

(300 pits) 

21.5 15.0 

(300 pits) 

19.0 15.9 

(200 pits) 

31.2 14.5 

(200 pits) 

Totals 

19.6 12.8 

(400 pits) 

18.3 15.0 

(600 pits) 

25.1 15.2 

(400 pits) 


narrowest in P. lambertiana. This is true when there are two pits per ray 
crossing, and also when there is only one. P. monticola is more or less inter- 
mediate. The average length and width of pits of P. monticola are practically 
equal when there are two per ray crossing. 

In order to analyze the character of these pits further, the length and 
width of two hundred of each species were measured, and a record was kept 
of the approximate shape of each of these — i.e., whether they were oblong, 
circular, or elliptical. The area of each of the oblong pits was calculated by 
multiplying length by width ; the area of the circular ones was calculated 
from the formula nr* ; and the area of the elliptical ones was calculated from 
the formula of the area of an ellipse, nab. These results were then assembled, 
and the average area per pit, in sq. p, is given in table 2. In area, as well as 

TABLE 2 


Area of ray parenchyma pits on radial walls of tracheids 



P. lambertiana 
Average area in 
sq. p per pit 

P. monticola . 
Average area in 
sq. p per pit 

P. strobus 
Average area in 
sq. p per pit 

2 pits per ray crossing 

1 pit per ray crossing 

Totals 

... 165.4 (100 pits) 

... 269.0 (100 pits) 

.. 217.2 (200 pits) 

176.4 (100 pits) 
278.7 (100 pits) 
227.6 (200 pits) 

276.2 (100 pits) 
448^ (100 pits) 
362.5 (200 pits) 
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in linear dimensions, the pits of P. strobus are the greatest, those of P. lam- 
bertiana are the least, while those of P. monticola are intermediate. 

Next, 2,175 pits of these three species were examined with a view to deter- 
mining how many of each were elliptical, how many circular, and how many 
oblong or rectangular. The results are summarized in table 3. It is evident 

TABLE 3 

Shape of ray parenchyma pits on radial walls of tracheids 



2 pita per ray 
crossing 
(442 or 61.9%) 

P. lambertiana 

1 pit per ray 
crossing 
(272 or 38.1%) 

Total 

(714) 

Oblong 

Circular 

Elliptical 

63 14.3% 

37 8.4% 

342 77.4% 

115 42.3% 

0 0.0% 

157 57.77o 

178 24.9% 

37 5.2% 

499 69.9% 



P. monticola 



2 pits per ray 
crossing 
(494 or 67.3%) 

1 pit per ray 
crossing 
(240 or 32.7%) 

Total 

(734) 


Oblong (and square) 

Circular 

Elliptical 

314 

75 

105 

63.6% 

15.2% 

21.2% 

208 

6 

26 

86.7% 

2.5% 

10.8% 

522 

81 

131 

71.1% 

11.0% 

17.9% 




P. strobus 




2 pits per ray 

1 pit per ray 

Total 


crossing 

crossing 



(450 or 61.9%) 

(277 or 38.1%) 


Oblong 

293 

65.1% 

271 

97.8% 

564 

77.6% 

Circular 

45 

10.0% 

1 

0.4% 

46 

6.3% 

Elliptical 

112 

24.9% 

5 

1.8% 

117 

16.1% 


that those of P. lambertiana are more commonly elliptical than any other 
shape, while those of P. strobus are usually oblong, and P. monticola again 
is intermediate. Many of the pits of this last species, especially when there 
were two per ray crossing, were nearly or quite square. Many of the ellipti- 
cal pits, particularly of P. strobus, were not diagonally oriented, and they 
gave no suggestion of the apiculate feature. 

Comparing the parenchyma pit characters of P. lambertiana and P. 
strobus, it is obvious that there are distinct differences, as has been pointed 
out. Microscopically these two species, though fundamentally similar, could 
hardly be confused. It would be difficult to conceive of a more perfect series 
of intergradations in pit characters between these two species than is (^ered 
by P. monticola. In this last species some of the pits suggest P. lambertiana 
and some suggest P. strobus. However, the majority of the pits are not the 
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same as in either of those two species, but are intermediate in character 
between them. It is thus usually possible to distinguish P. monticola by the 
use of these microscopic wood characters. The admonition of previous writers 
that all the microscopic characters ought to be used for identification should 
be emphasized again; numerous sections should be studied, since different 
parts of the same wood show considerable variation, even in small pieces. 

These microscopic distinctions are not merely biological and academic, 
since the lumber also shows differences in standard tests. According to Mark- 
wardt and Wilson (1935), the wood of P. monticola is the “strongest” in 
certain ways, though this tree is normally the smallest of the three. 

On the basis of external leaf characters, P. lambertiana and P. monticola 
obviously are more closely similar to each other than to P. strobus. The gross 
cone features also form a series, with P. lambertiana and P. strobus at either 
end. Macroscopically, the woods of P. strobus and P. monticola are hardly 
distinguishable from each other, though they can be told, generally, from 
that of P. lambertiana. The microscopic wood characters, on the other hand, 
form a beautiful series with P. strobus distinct at one end, and P. lamber- 
tiana, also distinct, at the other. The wood of P. monticola, as shown above, 
contains an almost imperceptible series of intergradations microscopically 
between the two; possibly it is a bit closer to P. lambertiana than to P. 
strobus. 

The distribution of the species fits in well with the microscopic features 
of the wood, for P. strobus is found in eastern North America, P. lambertiana 
in the far west, and P. monticola somewhat between, although partially over- 
lapping the range of P. lambertiana. 

Both Britton (1908) and Sargent (1933) treat these three species in the 
same sequence — ^namely, P. strobus, P. monticola, and P. lambertiana — and 
that is not just fortuitous. Nuttall (1849) considered P. monticola as a variety 
of P. strobus. The microscopic wood characters strongly support the sequence 
of Britton and Sargent, and they emphasize the fact that P. monticola is a 
species in many ways intermediate between the other two, but distinct never- 
theless. This should not be construed, however, as indicating that this is a 
definite, closed series. There are other related species, both in western North 
America and in Asia, which probably form a part of this series. A study of 
these forms is at present under way. 

Bailey (1910) has shown how the larger ray parenchyma pits may be 
derived from smaller ones. Bailey and Pauli (1934) have pointed out the 
variations that occur in the microscopic features of Sequoia, and more re- 
cently Bannan (1941a, 1941b, 1942) has dwelt on this same subject for a 
number of conifers, more especially the genera Thuja and Juniperus, but 
others as well. 
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In this connection it should be noted that in the present study mature 
wood only was examined. An intensive analysis of twigs, of roots, and of 
injured members might well bring out differences not here recorded. It would 
be of interest to study these species growing under varied conditions and 
trying environments. Such work should throw further light upon the inter- 
relationships of these forms. 

SUMMARY 

The pits of the ray parenchyma cells in contact with the tracheids are 
described in detail for the three white pines of commerce. As shown in figures 
1, 2, and 3, they are large and oblong in Finns strobus, somewhat smaller and 
lemon-shaped in P. lamberiiana, and intermediate in P. monticola. In ray 
parenchyma pit characters the last species is a little closer to P. lambertiana 
than to P. strobus. In other features, both gross and microscopic, P. montu 
cola also is intermediate between the other two. 

The series thus formed on the basis of wood characters coincides with 
that appearing in the manuals and conforms with the distribution of these 
three species in nature, though other species undoubtedly also form a part 
of this series. 

Department of Botany, Columbia University 
New York, N, Y. 
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CORNUS SERICEA L. (C. STOLONIFERA MICHX.) 

F. R. Fosberg 

There has been little agreement among the treatments of the small com- 
plex of forms centering around what has been called Cornus stolonifera 
Michx. By some workers each discernible element has been considered a 
separate species. Others have regarded some of the groups as varieties of 
those which they have termed species. ' 

Enough specimens have been accumulated in the herbaria in Washing- 
ton, Philadelphia, and New York to enable one to get a fair idea of the 
diversity and distribution of these forms. An examination of some hundreds 
of sheets, variously named Cornus stolonifera, C. haileyi, C. piihescens, C. 
instolonea, C. calif ornica, ( 7 . interior, C. occidentalis, C. nelsoni, etc., has 
convinced me that the whole variable population is best regarded as a single 
species, and that this might not be termed even a collective species by some 
conservative students. Current treatments seem mostly to be the result of a 
definite effort to recognize species, no matter how indistinguishable they are. 

With the exception of some alleged differences in the shape of the stone 
in the fruit, the characters which have been used to separate the forms lie 
in the color of the twigs, the abundance and distribution of two types of 
hairs and the prominence of the veins on the lovrer leaf surface. Whether or 
not the plant is stoloniferous is often mentioned, but this is ordinarily inde- 
terminable ill the herbarium, except as rarely noted by the collector. 

It is on the basis of the hair types that the different forms are commonly 
recognized, and fairly easily distinguished. Actually, these differences are so 
slight and so inconstant that they cannot represent very fundamental genetic 
changes. A single allelomorphic series of genes might well be responsible for 
these differences. The geographical distribution of the plants differing by 
these characters is such as to indicate merely a variation in composition of 
the local partial populations from place to place in a single large population, 
giving evidence of some environmental selection. 

The differences in the size, shape, and sculpturing of the stone, though 
conspicuous, capnot be ascribed much importance. There is too much local 
variation, even within one inflorescence. The only stone character which I 
consider of any consequence in this species is the presence or absence of 
sculpturing, usually in the forih of longitudinal ridges, on the lateral iSaces 
of the stones. This seems to be deflnitely associated with the plants which 
have been called C. calif ornica and C. pubescens. 

Fruit color is variable. Usually it is white, but occasionally it is pale blue, 
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In flower size there seems to be some signiflcant variation. In eastern and 
northern specimens the range of variation in length of petals is ordinarily 
2 to 3 mm' Much of the western material, especially that from California, 
varies around 4 mm., some even reaching 5 mm. 

Prom the foregoing, it seems that the complex can be considered merely 
an aggregation of forms, based on the differences in pubescence. Even though 
some of these are more or less restricted in their distribution, my opinion is 
that genetically they do not merit the rank of varietas. However, on the basis 
of the larger flowers and the sculptured stone the two Pacific forms may be 
considered to represent, together, a separate subspecies, here called ssp. 
occidentals. 

The division of the species thus into two subspecies, each yith several 
poorly localized forms, seems to be nearer to a representation of the actual 
diversity than any other arrangement that T know of. It might well be argued 
that even so the group is segregated too finely. Certainly the diversity is no 
greater than that within many species which have never been divided in any 
way. 

This scheme leaves a number of plants in the western part of the range 
which do not fit either subspecies. It may be assumed that the presence, in 
western specimens, of any of the following characters — spreading hairs, large 
flowers, or sculpturing on the faces of the stones — is an indication of some 
ssp. occidentals heredity. Where these characters are all or mostly present, 
the plant may be considered to belong to that subspecies. Where a furrowed 
stone or large flowers are found in eastern specimens, I would suspect past 
crossing with the closely related C, amomum Mill. This apparently happens 
very rarely. 

Unfortunately, in spite of the discussions by Farwell (Rhodora 33 : 68~ 
72, 1931) and Rickett (Rhodora 36 : 269-272, 1934), the correct epithet to 
be applied to this species has not been settled. Both of the above authors find 
that the name Cornus sericea L. applies, with the exception of the Plukenet 
reference, to what has been known as C, stolonifera Michx. That this is true 
is obvious from a scrutiny of the original description which is detailed 
enough. The only discrepancy is in the color of the fruit, which probably 
came from the Plukenet reference, though there are blue fruited forms of 
the plant under discussion (cf. Fernald305 [US] ). In addition to this, both 
of the above writers refer to the specimen in the Linnaean Herbarium of C, 
sericea as being without doubt what has been called C. stolonifera Michx. 
In Jackson ^s index to the Linnaean Herbarium this specimen was listed as 
of unknown date, but in the oripnal publication of C. sericea there is the 
abbreviation ‘^H. U.’^ which I take to mean that the plant was growing in 
the garden at Upsala at the time the description was written. It is possible 
that the fruits had not matured at the time the description was written, so 
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the color may have been taken from the Plukenet reference, or the plant may 
have been a blue-fruited form. In the absence of better evidence to the con- 
trary, the specimen in the Linnaean Herbarium must be accepted as typify- 
ingf the species, g:iving: C. sericea L. (1771) clear priority over C, stolonifera 
Michx. (1803). 

Farwell avoided the loj^ical consequence of this view by proving, to his 
satisfaction, at least, that C, anwmum Mill. (1768) should properly apply 
to this species. After reading what Miller says of his C. amomum I cannot 
agree to this. Rickett, after demonstrating conclusively that C. amomum is 
correctly applied in its traditional sense, faced with the necessity of replac- 
ing C, stolonifera with C. sericea, showed that it had commonly been re- 
garded as a synonym of C, amomum, as interpreted by Willdenow. This be- 
ing the case, he suggested placing C, sericea on the list of nomina ambujua. 

This disposition 1 can scarcely accept. In the first place, there is no pro- 
vision in the International Itules for a method of placing things in this, as 
yet, non-existent list. Secondly, if this list is to be used for the disposal 
of any name which upsets a long established usage, it merely becomes an 
application of the idea of nomina specifica conservanda under a different 
name. This principle was decisively rejected by at least two congresses. If 
all names about which there has in the past been uncertainty or confusion 
are to be i)laced in the list of nomina ambiyua the number of familiar names 
that will fall should make anyone stop and reconsider. In this case there 
seems scarcely even much actual confusion, since in recent years C. sericea 
has only been thought of as a synonym. The translation “silky cornel,” 
which has been applied somewhat to C. amomum, is unfortunate, but is the 
logical result of the practice of manufacturing common names by transla- 
tion of scientific names. The appellation “silky” seems to me to apply much 
more aptly to the appressed pubescence of the plant under discussion than 
to the spreading or woolly, often rusty pubescence of (7. amomum. The con- 
sequent confusion attendant on the change of one familiar name seems to 
me much less than that which would follow a precedent such as placing 
Cornus sericea L. in the list of nomina ambigua. If no new’ combinations 
were to be made here, it w’ould be simple, of course, to express my opinion 
and then continue to follow’ usage, leaving it to a monographer to do some- 
thing about it. Since there are new’ combinations, I feel that it is advisable 
to make them under C, sericea L. 

Unhappily, this decision was reached after I had annotated a consider- 
able number of specimens with the appropriate epithets under C, stolonifera. 
Those combinations are to be regarded as unpublished herbarium names, 
which I hope no one will feel called upon to dig up and insert into the 
literature. 

The herbarium abbreviations used with the occasional citations are those 
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of the last list of standardized abbreviations published in Chronica Botanica 
(6: 143-150, 1939; 6: 377-378, 1941). 

CoRNUS SERicEA L., Mailt. 2: 199, 1771. Coruus sfolonifera ^lichx. PI. 
Bor. Am. 1: 92, 1803. 

(For detailed synonymy applyin*? to the species, see that under the sub- 
species and formae.) 

The distribution of this species in eastern North America lies almost 
entirely within the g:laciated region. In the West it extends along the Rocky 
Mountains to Chihuahua, Mexico, through the Great Basin to the mountains 
of Arizona, and on the Pacific Coast from Alaska to San Diego County, Cali- 
fornia. Its northern limits have not been determined, but it is known from 
Newfoundland, Keewatin, Mackenzie, the Yukon Valle}’’, and coastal Alaska. 

Its closest relatives seem to be Cornua alba L. of northeastern Asia and 
( 7 . amomum Mill, of the eastern United States. C. alba differs in having the 
stone longer than broad, and acute at each end. C. amomum differs in its 
brown pith and in having the stone subglobose and ribbed. C. hessei Koehne, 
of northeastern Asia, which I do not know, may be even closer to C. sericea. 

A key to such a variable and intergrading series of forms is rather use- 
less, as it will necessarily not work with those individuals which partake of 
the characters of two or more forms. However, the following will make pos- 
sible the identification of flowering or fruiting material of a large majority 
of the plants of this species. ^ 

1. Petals 3.5-5 mm. long, stone with lateral faces scul])ture(l, pubescence 
spreading except sometimes on inflorescence branches (ssp. oee/- 
denlalU), 

2. Inflorescence with spreading hairs even on minor l>runches f. occidfUtaUft, 

2. Inflorescence with spreading hairs on peduncle only (rarely on large 

divisions) .. .. . f. calif ornica. 

1. Petals 2-3 mm. long, stone with lateral faces smooth, pubescence all or at 
least partly strigose (ssp. fdolonifera) , 

3. Under side of leaves with spreading or woolly hairs f. haileyi. 

3. Under side of leaves strigose, except sometimes near midrib. 

4. Peduncle strigose, young twigs glabrous or thinly strigose f. atolonifera. 

4. Peduncle with spreading hairs, young twigs tending to be woolly 

or densely apiiressed ])ubescent . .. ... f. interior. 

Specimens are not u.sually (tited, as they would take up much space and 
this discussion is not intended to be monographic. A selection of a few repre- 
sentative ones would perhaps give a false idea of the distribution of the 
forms. The synonjuny cited for categories above forma is just that necessary 
to establish priority, except that the horticultural varieties have only been 
assigned to subspecies. This is because of uncertainty about the final disposi- 
tion of these cultivated forms, and because I have not seen authentic material 
of most of them. For the forms all synonyms known to me which are based 
on wild plants are placed, some, of course, tentatively pending availability of 
tjrpes. Those names which have elsewhere been cited as synonyms but which 
are merely misapplications of names of other plants are not included. 
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CoRNiJs SERICEA ssp. stolonifera (Michaux) Fosber^r, comb. nov. C, alba 
var. hehnschi Schelle, Handb. Ijaiib. Beneii. 366, 1903. C. alba var. cola- 
radense Koehne, Mitt. Deutsche Dendr. Ges. (1903) ; 39, 1903. C. alba var. 
elata Koehne, Mitt. Deutsche Dendr. Ges. (1903) : 39, 1903. C. alba var. 
elomjata Koehne, Mitt. Deutsche Dendr. Ges. (1903) : 39, 1903. C. alba var. 
nitida Koehne, Mitt. Deutsche Dendr. Ges. (1903) : 39, 1903. C. stolonifera 
var. flaviramea Spaeth, Mitt. Deutsche Dendr. Ges. (1903) : 39, 1903. C, 
alba var. angustipetala Wolf, Dendr. Gart. Kais. Porst. Pet. sep. p. 2, 1907. 
C. alba var. spUndens Demcker, Mitt. Deutsch. Dendr. (ies. (1909) : 326, 
327, 1909. C. stolonifera var. hehnschi Sehneid., 111. Handb. Laubh. 2: 440, 
1909. C. stolonifera var. data Sehneid., 111. Handb. Laubh. 2 : 440, 1909. C. 
stolonif era var. elongata Sehneid., 111. Handb. Laubh. 2 : 440, 1909. C. stoloni- 
fera var. nitida Sehneid., 111. Handb. Laubh. 2: 440, 1909. C* stolonifera var. 
coloradense (Koehne) Sehneid., 111. Handb. Laubh. 2: 440, 1909. C. alba 
ssp. stolonifera Wan^erin, in Engl. Pflanzenr. 41: 53, 1910. C. stolonifera 
var. angustipetala Sehneid., 111. Handb. Laubh. 2: 1041, 1912. C. stolonifera 
riparia Visher, Geogr. Geol. & Biol. So. Dak. 101, 1912. C. stolonifera var. 
splendens Sehneid., 111. Handb. Laubh. 2: 1041» 1912. Svida, stolonif era 
var. flaviramea Moldenke, Cult. PI. 25, 1938. 

Pubeseenee various, but with some hairs appressed and attached in mid- 
dle; flowers with petals 2-3 mm. long; stone with smooth lateral faces. 

This subspecies is found over the whole range of the si)eeies, but is less 
common at lower altitudes in the far West. It may be divided into the three 
forms treated below. 

If the varietal category is used in place of subspecies the varietal epithet 
coloradense should be chosen from among several of the same date as it is 
the only one based on a wild plant. The rest are cultivated. It is only with 
reservations that I assign to tliis subspecies the various horticultural plants 
that have been given varietal names by Koehne and his contemporaries. Since 
the types, if they have been preserved, are now inaccessible, it is impossible 
to do more than place them as well as I can from the brief diagnoses given. 
This is an example of the difficulties be.setting the botanist after even a .slight 
amount of horticultural selection in a species. These plants are doubtless 
recognizable forms which should have horticultural names. 

C'oRNT^s sp:kicea f. stolonifera (Miehx.) Fosberg, comb. nov. C. sericca 
L., Mant. 2: 199, 1771. C, stolonifera Miehx. FI. Bor. Am. 1: 92, 1803. 
C. purshii G. Don, (ten. Syst. 3: 199, 1834. C, alba var. coloradense Koehne, 
Mitt. Deutsch. Dendr. Ges. (1903) : 39, 1903. C. nelsoni Rose, Contr. U. S. 
Nat. Herb. 8; 54, 1903. i^vida (or Suida) stolonifera Rydb. Bull. Torrey 
Club 31: 572, 1904. 8, stolonifera var. riparia Rydb. Bull. Torrey Club 31: 
573, 1904. Cornus alba ssp. stolonifera Wangerin, Pflanzenr. 41: 53, 1910. 
(7. instolmiea Nels. Bot. Gaz. 63: 224, 1912. C. stolonifera riparia Visher, 
Geogr. Geol. & Biol. S. Dak. 101, 1912. Ossea instolonea Nieuwl. & Lunell, 
Am. MidLNat. 4: 487, 1916. Svida instolonea Rvdb., FI. Rocky Mts. 635, 
1065, 1917. 

Stems red to purple, rarely greenish or even yellow, glabrate or only 
thinly strigose ; leaves with under surface strigose, .sometimes with some 
spreading hairs near the midrib. Inflorescence strigose, flowers \vith petals 
2-3 mm. long; stone slightly to conspicuously oblique, usually rather com- 
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pressed, usually smooth on the lateral faces, variable in size. Fruit white, 
rarely pale blue (Maine: Dover, Piscataquis Co. Fernald 305 [US] ). 

Found from Newfoundland, Keewatin, Mackenzie (Good Hope, 66® 15' 
N., DutUly 8993 [LCU, USNA] ), and Alaska (mainly near the south coast), 
south to New Enjrland, New York, Pennsylvania, Ohio, Indiana, Illinois, 
Missouri, and in the Rocky Mountains south to New Mexico, Chihuahua 
{Townsend & Barber 26 [NY], E, W, Nelson 4927 [US; type of C. nelsoni 
Rose] ) , Arizona, and on the Pacific Coast to Southern California. Only a few 
eastern specimens, all from Peiins^dvania (Reading, Berks Co., Wilkens 6186 
[PENN] ; Haverford, Montgomery Co., Schaeffer 1546 [PENN] ; Wynne- 
wood Sta., Montg. Co., Walker 1932 [PENN] ; from marsh at Centre Fur- 
nace, Centre Co., Wahl 319 [PENN] ) come from outside the glaciated area 
in the eastern portion of the range. 

In the Rocky Mountains and westward it intergrades completely in all 
characters with ssp. occidentalism often approaching the large flowers or 
sculptured stone, or both, of the latter. Perhaps the few eastern specimens 
with a somewhat ribbed stone may be the result of hybridization with C. 
amomtim. Such is one from Tioga County, Pa. (Wood 1586 [PENN, 
USNA] ), which also has the brown pith of C. amomuni. In the Great Lakes 
region, especially in sandy places it is largely but not completely replaced 
by f. bailey i and in the western central portion of the continent, from 
Nebraska to the Yukon region by f. interior, 

CoRNUs SERiCEA f. baileyi (C. & E.) Posberg, comb. nov. C, bailey i 
Coult. & Evans, Bot. Gaz. 26 : 37, 1896. C, alba ssp. baileyi Wangerin, in 
Engl. Pflanzenr. 41 : 55, 1910. C, stolonifern var. baileyi Drescher, Trans. 
Wis. Acad. 28 : 190, 1933. Svida baileyi Rydb., Brittonia 1 : 94, 1931r 

Twigs purple, thinly appressed hairy or somewhat woolly when young, 
leaves thinly woolly beneath, some hairs attached at center, veins drying 
brownish beneath; inflorescence with at least peduncle spreading hairy, 
usually becoming more or less .strigose distally, stone somewhat compressed, 
somewhat oblique, not ridged or furrowed except sometimes on edges. 

Pound in reasonably typical state in Michigan, Ontario, Minnesota, and 
northern Indiana, usually in sandy areas around the Great Lakes. One speci- 
men, Rothrock in 1868 (Ph) from Centre County, Pennsylvania, has the leaf 
pubescence of this form but has no spreading hairs on the peduncle. 

CoRNUs SERICEA f. interior (Rydb.) Fosberg comb. nov. Svida interior 
Rydb., Bull. Torrey Club 31 : 572, 1904. Cornus interior Petersen, PI. 
Nebraska 163, 1912. Ossea interior Lunell, Am. Midi. Nat. 6: 239, 1918. 
Cornus stolonifera var. interior St. John, FI. S. E. Wash. 303, 1937. 

Stems purple, noticeably close-woolly when young, leaves strigose be- 
neath, or rarely with spreading hairs especially near midrib, veins not 
especially prominent beneath, drying brownish; inflorescence spreading 
pubescent or woolly, at least on peduncle; stone oblique, somewhat com- 
pressed, variable in size. 

A middle-western form, mostly collected in Nebraska, but extending east 
to Lorain County, Ohio {Ricksecker in 1895 [US]), west to Pikes Peak 
Forest Reserve, Colorado {Flintham [US] ) and Cascade County, Montana 
{Palmer 36943 [US]), {Flint 22 [USES]), north through the Dakotas, to 
Wood Buffalo Park, Mackenzie Basin, Canada {Raup 2908 [US]), and to 
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the Yukon Valley.^ One specimen is available from Matanuska, coastal 
Alaska {Anderson 938 [US]). 

CoRNUs SERICEA ssp. occidentalis (T. & G.) Posberj?, comb. nov. C. 
sericea var. occidentalis T. & G., PI. N. Am. 1 : 652, 1840. 

Pubescence largely spreading, petals about 4 mm. long, stone very ob- 
lique, furrowed or roughened on lateral faces. 

Pacific coast region from Canada to Southern California. Contains the 
following two forms. In the synonymy for this subspecific name, only the 
name-bringing synonym is given. Others may be found under the respective 
formae. 

CoRNUs SERICEA f. occidentalis (T. & G.) Posberg, comb. nov. C, sericea 
var. occidentalis T. & G., PI. N. Am. 1 : 652, 1840. C. piibescens Nutt., Sylva 
3 : 54, 1849 (not Willd. in R. & S. Syst. Mant. Ill : 252. 1827). C. occiden- 
talis Cov., Contr. U. S. Nat. Herb. 4 : 117, 1893. Svida puhescens Standi., 
Smiths. Misc. Coll. 56 (33) : 3, 1912. Cornus calif arnica var. puhescens 
Macbr., Contr. Gray Herb. 66: 54, 1918. 

Branchlets green to purple, thinly spreading pubescent, leaves variable 
in size, spreading pubescent beneath, often densely so, inflore.scence con- 
spicuously spreading pubescent, even on smaller divisions, stone as in f. 
californica but less often ridged, sometimes scarce!}" compressed. 

Tntergrades freely with f. californica. 

Rare in coastal California Mountains (one specimen from San Ber- 
nardino Mountains) from San Diego County north, commoner northward, 
as far as British Columbia, east to Idaho. 

Cornus SERICEA f. californica (Mey.) Posberg, comb. nov. C. californica 
C. A. Mey., Bull. Phys.-Math. Acad. Petersb. 3 : 373, 1845. C, torreyi Wats., 
Proc. Am. Acad. 16 : 145, 1876. C. puhescens var. californica Coult. & 
Evans, Bot. Gaz. 16 : 37, 1890. Svida californica Abrams, Bull. N. Y. Bot. 
Gard. 6: 429, 1910, N. torreyi Heller, Cat. ed. 3: 273, 1914. Cornus cali- 
fornica var. nevadensis Jepson, Man. Calif. PI. PI. 733, 1925. C. siolonifera 
var. californica (Mey.) McMinn, 111. Man. Calif. Shrubs. 377, 1939. 

Branchlets greenish to red or purple, leaves ample, tending to be ovate, 
pubescence spreading beneath, inflorescence usually not very densely pubes- 
cent, with spreading hairs at least on the peduncle, appres.sed on smallest 
divisions, flowers relatively large, stone quite variable in size and shape, 
usually somewhat compressed, often quite broader than long, usually very 
oblique, generally more or less ridged or irregular longitudinally. 

Common in California except the Great Valley floor, deserts, and alpine 
zone ; extending north to British Columbi^i and Idaho, east to Nevada. 

DnusiON OF Plant Exploration and Introditction, 

Bureau of Plant Inditstry, U. S. Department of 
Agriculture, Washington, D. C. 

1 A series of collections made in northwestern Canada in 1940 by Dutilly may give a 
rough idea of the northern extension of this form. Alberta; Chipewj-an, Athaba^a L., 
58® 45' N., Dxitilly SS80, British Columbia; Francois, 59® N., Dutilly S710, Mackenzie; 
Fort Smith, Slave River, 60® N., Dutilly 8117, 8118, 8153; Fort Liard, 60® N., Dutilly 
8618 ; Fort Simpson, Mackenzie River, 61® 50' N., Dutilly 8588; Fort Norman, Mackenzie 
River, 64® 54' N., Dutilly 8838 fall LCU; some duplicates USNA]. 
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A NEW DUSSIA AND ORMOSIA AVILENSIS 

John H. Pierce 

The original description of Ormosia avilensis Pittier is bigeneric and in 
need of clarification. The foliage and fruit described are clearly those of 
Ormosia, while the flower is that of Dussia. The material collected or identi- 
fied by Pittier is also bigeneric and there is further some question as to the 
number cited for the type specimen. The mixture of numbers, ^dates, and 
bigeneric material is so confusing that for the sake of clarity a discussion 
of each specimen involved is here presented. 

Delgado 37, April 1937 : cited by Pittier, presumably through typo- 
graphical error, as the type of 0. avilensis (in fruit) ; also as the type of 
Pithecolohium pulchellnm Pittier (in flower). The flowering specimen so 
numbered is actually, in the opinion of the author, Pithecolohium pulchellum 
Pittier. No fruiting specimen of this number corresponding to the descrip- 
tion of 0. avilensis has been found. 

Delgado 47, March 1937 : identified by Pittier as 0. avilensis, actually 
Dussia coriacea Pierce. Since Pittier cites a fruiting specimen as type of 
0. avilensis it is obvious that the original floral description was not faken 
from the type. This number was probably the basis for the original floral 
description. 

Delgado 35, March 1937 : both the foliage and fruit of this sheet fit the 
original description, if we exclude the floral description, and it is probably 
the actual type of 0. avilensis Pittier. 

Pittier 47, March 1937 : this number consists of two sheets collected and 
identified by Pittier as 0. avilensis. One sheet is 0. tovarensis Pittier, the 
other consists of the foliage and fruit of Dussia coriacea Pierce and the seeds 
of 0, tovarensis Pittier. 

It seems probable that when Pittier described 0. avilensis he had before 
him two or more of the specimens listed above and that he based the floral 
part of the description on Delgado 47, the rest on Delgado 35. This con- 
fusion can perhaps best be clarified by selecting as the lectotype of O. avilen- 
sis Delgado 35. The floral portion of the original description is excluded 
from Ormosia and refers to Delgado 47, which then becomes the type of 
Dussia coriacea Pierce, described below. 

0. AVILENSIS Pittier, Bol. Soe. Venez. Cien. Nat. 4 : 84. 1937. emend. 
Pierce (excluding the floral description). Lectotype: Delgado 35, flowers 
unknown ; Selvas del Avila, Venezuela. 

Dussia coriacea Pierce, sp. nov. Arbor 20-25 m. alta; ramulis adultis 
puberukntibus ; foliolis 5, oppositis, laminis lateralibus oblongo-ovatis, ter- 

590 



1042] 


PIERCE: A NEW DUSSIA AND ORMOSIA AVILENSIS 


591 


minalibus obovatis, 7-9 cm. longis et 3.5-6 cm. latis, basilaribus minoribus, 
supra glaberrimis, opacis, subtus uniforme rufo-tomentosis, venis lateralibus 
10-14, prominentissimis, nervis transversalibus pluris, prominentissimis ; 
floribus racemosis, ad apicem ramulorum novarum defoliatorum aggregatis ; 
bracteolis ad basim calycis, obovatis acutis; calyce 5-lobo, subaequitanti ; 
petalis lilacinis; vexillo suborbiculari, apice acutiusculo, extus plus minusve 
f errugineo-pubescente ; alis obloiigo-lanceolatis, obliquis, minutissime pubes- 
centibus ; petalis carinalibiis alis majoribus, valde inaequilateralibus, ovato- 
lanceolatis, infra ad suturam ferrugineo-pubescentibus ; staminibus 10, ad 
basim leviter connatis; legumine maturo late fusiforme, f ulvo-toinentoso ; 
seminibus ignotis. 

Type: Delgado 47, in flower. Selvas del Avila, Venezuela (Herb. X. Y. 
Bot. (iard.). The fruit characters taken from Delgado 153 (at X. Y.). 

This species is known only from the type locality and is readily distin- 
guished from the other species of the genus by the small number of leaflets, 
the coriaceous texture and uniform pubescence of the leaflet and the smaller 
fruit. The pubescence suggests a relationship with Z>. sanguinea Kr. & Urb. 
while the fruit shape is close to D. ciiscatlanica (Standi.) Standi. & Steyer- 
mark. 

The New York Botanical Garden 
New York 
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NUCLEAR BEHAVIOR IN THE MUCORALES— II. 

THE RHIZOPUS, PHYCOMYCES AND 
SPORODINIA PATTERNS 

Victor M. Cutter, Jr.^ 

In a preceding? paper (8) the nuclear behavior in eight species of the 
Mueorales was described, and the characteristic type of behavior designated 
as the ^^Mucor^* pattern. The results of this comparative study indicated 
that in these species nuclear behavior follow’ed the same basic scheme at cor- 
responding stages in the life cycle. The predominant characteristics of this 
pattern were the presence of the haploid condition throughout the mycelial 
stages, karyogamy and reduction division occurring before the onset of the 
dormant period in the zygote ; and the almost immediate resumption of the 
haploid condition before the accumulation of reserve products takes place in 
the zygote. Further features of this pattern were the rather short dormant 
period in the zygote, 1~5 months depending upon the species concerned, and 
the complete segregation of sex at the time of meiosis. Thus the diploid con- 
dition in this group of species was transitory, never persisting for more than 
a few days. In the present paper the nuclear behavior in six additional 
species will be discussed. In these species, Rhizopus nigricana Ehrenb., 
Absidia glatica Hagem., Tieghemella coerulea Naumov, Phycomyces Makes- 
leeanus Burgeff, Phycomyces microsporus Van Tiegham, and Sporodinm 
grandis Link, the nuclear behavior falls into three different categories. The 
same techniques previously employed (8) were used in this study, and the 
species were studied comparatively at all stages in the life cycle. As in the 
preceding paper no attempt will be made to review extensively the literature 
on this subject since several adequate reviews are already extant, and stages 
in the life cycle which have already been adequately portrayed wdll not be 
reillustrated here. Reference to these previous investigations will be made 
in the appropriate places. 

Rhizopus nigricans Ehrenberg. This is undoubtedly the most frequently 
observed and familiar species in this order. It was with Rhizopus nigricans 
that Blakeslee initiated his brilliant investigations which led to the concept 
of heterothallism and homothallism in the lower fungi, and to the realization 
that the formation of zygospores in the Mueorales was fundamentally a 
sexual process. The early work oh this problem has been admirably sum- 
marized by Blakeslee (2). 

1 Publication of the figures in this and the previous paper by Dr. Cutter was made 
possible by the Lucien M. Underwood Memorial Fund. Pages in excess of the usual 
number were^printed at the expense of the author. 
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The details of nuclear behavior and sporangium formation in the asexual 
phase of this fungus were very accurately described by Swingle (25) and his 
description confirmed by Moreau (20). The results of the present study as 
far as the asexual stages are concerned, are in complete agreement with those 
of Swingle and Moreau, and no further attention will be devoted to them here. 

Cytological investigations on the nuclear behavior in the sexual phase 
have been carried out by Namyslowski (21), Macormick (19), Moreau (20), 
and Baird (1). Namyslowski reports the presence of numerous nuclei in the 
young zygospore, but has not succeeded in distinguishing any nuclear fusion. 
Macormick, in a preliminary note on her research, reports that numerous 
nuclei enter the young coenozygote, and there increase in size. Thereupon, 
all the nuclei except two disintegrate, and these remain embedded in a 
coenocentrum. This coenocentrum persists until quite late in the develop- 
ment of the zygospore but in mature zygospores there are many nuclei of 
the same size as those in the mycelium. She is unable to interpret this con- 
dition nor does she indicate her conception of a mature zv^gospore. Moreau 
does not confirm Macormick ^s observations and feels that the nuclear be- 
havior in Rhkopus differs in no fundamental way from the other membei’s 
of the Mucoraceae which he has studied. He figures multiple nuclear fusions 
accompanied by the degeneration of unfused nuclei. He does not follow the 
ultimate fate of the fusion nuclei, but it is clear that he believes the meiotic 
process to occur at the time of zygospore germination. 

Baird concerns himself more with the behavior of the individual nucleus 
in Rhizopus and the changes which it undergoes during the life cycle than 
with an investigation of the changes and relationships of the entire nuclear 
complement. He states that the nuclear behavior in Rhizopus is essentially 
the same as that described by him in Phycomyces, In neither of these forms 
has he been able to discern nuclear fusions at any stage. None of these 
authors has studied the nuclear condition in the germinating zygospores. 
This germination process has been reported only by Blakeslee (3) who 
observed it twice. 

Callen (7), working with a recently described homothallic species, has 
traced the nuclear behavior through the development of the zygospore but 
he was unable to obtain germination of these spores. In this species, Rhizopus 
sexualis (Smith) Callen, the nuclei associate in pairs during the formation 
of the coenozygote but he feels that it is doubtful whether any nuclear fusion 
occurs. Nuclear degeneration also takes place at this stage but ceases as the 
zygote matures. The nuclei remain in the paired condition as the zygote 
becomes dormant. Callen ’s account of nuclear behavior in B. sexualis is quite 
reminiscent of the nuclear cycle described below for two species of Phyco- 
myces, and perhaps will prove to be an intermediate form between the 
Rhizopus and Phycomyces patterns. 
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The most striking difference between the nuclear condition in the pro- 
gametangia and young coenozygote of Bhizopus and that seen in the species 
studied previously is the vast number of nuclei present per given unit of 
cytoplasm. These nuclei are rather large and appear proportionately far 
more numerous than in the corresponding stages of other species. Mitotic 
divisions in this species present the same general aspect as those described 
elsewhere (8). Centrosomes are rather regularly present, and the achromatic 
spindle is fairly well developed. No discrete chromosomes have been distin- 
guished in any of the division stages yet encountered. 

The young progametangia develop slowly and the suspensors are usually 
not delimited until the second day after contact has been established between 
the zygosporic hyphae (fig. 4). The wall separating the suspensors from the 
gametangia is formed by a cleavage furrow whicli arises at the periphery of 
the progametaiigial cell and progresses towards the interior (fig. 5). Both 
Moreau and Macormick have stated that a difference in the staining reaction 
of the two gametangia can be demonstrated, even after the formation of the 
coenozygote. If this is true, it is a point of great significance, since it w'ould 
constitute good evidence of a physiological differentiation between the pla^i- 
mas of the two opposed strains. These observations are not substantiated in 
the present study, and any differential staining reaction of the cytoplasm of 
the gametangia appears purely coincidental. 

Development of the coenozygote is slower than in the species previously 
observed. During this period mitotic nuclear divisions occur with great 
rapidity" and tremendous numbers of unfused, expanded nuclei are present 
in the coenozygote as the exospore is formed. At this stage karyogamy occurs 
between many of the nuclei present in the cell, but a large number of the 
supernumerary nuclei do not engage in fu.sion and remain for some time in 
the unfused condition. Karyogamy differs somewhat from that described in 
Mucor genevensis and Blnkedca trispora ,(8) in that the paired nuclei do 
not enlarge greatly before fusion, nor do these nuclei remain associated in 
pairs for any length of time before fusion occurs. The fusion or diploid 
nuclei can be distinguished readily from the unfused nuclei by their greater 
size and more prominent reticulum and central body (fig. 7). In the sus- 
pensors the nuclei are very prominent at this stage, but shortly assume the 
unexpanded phase, and ultimately degenerate. 

Both fused and unfused nuclei remain in evidence for several days until 
the endospore has been deposited. As this endospore is developed the un- 
fused nuclei begin to degenerate, and before the dormant condition is 
reached all the unfused nuclei have apparently disintegrated. This degen- 
eration is initiated in some cases at least by well marked amitotic divisions 
which are frequent during this period. Zygospores ten days old have become, 
to all appearances, dormant. 
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The oil plastids are not particularly prominent in Rhizopus, but can 
occasionally be demonstrated. On the other hand, mucorine crystals are ex- 
tremely abundant and are quite frequently ajrgregated into groups. These 
<?roiips of crystalline structures may be synonymous with the structures 
which Macormick identifies as coenocentra. Aside from this no evidence of 
coenocentra have been observed. There is a considerable amount of oil pres- 
ent ill the vacuoles which arises in the cytoplasm as nuclear degeneration 
commences. It seems likely that the degeneration of these unfused nuclei 
may augment this supply of oil, if not accounting for all of it. 

During the dormant period the fused nuclei assume the nnexpanded state 
but are still conspicuously larger than the nuclei present 'in mycelia and 
gametangia (fig. 8). The oil reserve of the dormant zygospores is largely 
confined to the central vacuoles which have arisen by the confluence of many 
smaller ones. The cytoplasm becomes restricted to a thin peripheral layer and 
the miH'orine crystals largely disappear. The exospore and endospore of the 
(loi-inant zygotes is extremely thick; Rhizopus is by far the heaviest-walled 
species yet observed in the Miicorales. The dormant period persists for 
ap[)roximately a year, during which no visible change occurs in the spore 
contents. 

The difficulty of germinating the zygospores of Rhizopus has become 
almost proverbial among mycologists who have worked with this species. 
Blakeslee siufceeded in inducing zygospores to germinate only twice, in both 
<‘ases after a rest period of more than a year. These germinations, however, 
<lid not result in the production of normal sporangiophores and spores. Dur- 
ing the course of this study a number of zygospores of this species have been 
germinated, but germinations have never proceeded normally. Whenever 
germinations were obtained only abortive germ tubes were produced, and 
neither sporangia nor mycelia wTre developed by these tubes. Further re- 
marks upon this subject will be pre.sented in a subsequent publication. 

The nu(*lear condition observed during germination differs markedh 
from that described in 3Iucor gcuevensis (8). At the onset of renewed activ 
ity in the cyto})lasm, 2-3 days before germination, the cytoplasm, which has 
been restricted to a thin layer adhering to the endospore wall, begins t( 
increase in extent and becomes vacuolate, with the oil reserve, previoush 
restricted to the central vacuoles, now becoming dispersed throughout th( 
cell. This oil interferes with precise staining of the nuclei at this period 
but nuclear division apparently takes place rapidly, for as the oil disappean 
many small expanded nuclei can be discerned, arranged in the periphera 
regions of the spore. There are still a few fusion nuclei present at this stag( 
but they all disappear before the formation of the germ tube. The smallei 
nuclei are several times more numerous than were the fusion nuclei during 
the dormant period. These unfused nuclei undergo mitotic divisions as tin 
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germ tube develops. The heavy zygospore walls of Bhizopus do not rupture 
as widely as in other species where this process has been observed, and the 
germ tube gains access to the exterior through a rather restricted pore (fig. 
9). This germ tube grows slowly and a few mitotic divisions can be seen in 
the developing tube. At the end of several days’ growth, at which time the 
tube may have reached a length of 1 centimeter, it slowly shrivels and cyto- 
plasmic activity ceases, even when the tube is in contact with nutrient media. 
It appears from the results outlined above, that the reduction process must 
occur in the first divisions of the fusion nuclei as renewed growth of the 
cytoplasm takes place in the germinating spore, since the nuclei, after these 
first few divisions, are notably smaller than those present in the dormant 
zygospore. However, no other indications have, as yet, been seen which were 
suggestive of meiotic divisions, possibly because of the difficulties in distin- 
guishing nuclei in the oil soaked cytoplasm of the early germination stages. 
If this interpretation is correct, Bhizopus shows a somewhat advanced con- 
dition over those species described under the ^^Mucor*^ pattern, where the 
diploid condition is present for a few days at most, and where reduction 
division presumably occurs before the dormant condition is reached. In 
Bhizopus the diploid condition seems to be prolonged until the onset of 
germination. 

Absidia glauca Hagem. This heterothallic species has been investijjated 
cytologically only by Ling Young (18) although Moreau (20) has studied 
Absidia orchidis which is very closely related to and perhaps synonymous 
with it. Both these authors agree that in the younger stages the nuclei are 
very minute and appear even more numerous than is usually the case in the 
Mucorales. Moreau describes prominent fusion nuclei which appear after the 
formation of the coenozygote, and he states that many supernumerary nuclei 
disintegrate. Ling Young corroborates Moreau in this. The older stages of 
the zygospore and the germination stages have not yet been descuubed, as 
far as the author is aware. Moreau investigated the asexual reproduction 
stages and noted that the sporangiospores were uninucleate. He describes 
the process of spore formation as similar to that described by him for Mucor 
spinescens (20). 

As far as could be determined in this study, the development of the 
sporangiophore and sporangium, and sporangiospore formation differed in 
no way from that previously described for Absidia spinosa (8). The nuclei 
are somewhat smaller and proportionately more numerous than in the latter 
species. The progametangia develctp in the usual way and are supplied with 
very numerous expanded nuclei. The suspensor appendages develop as in 
A, spinosa, but in this species are produced in about equal numbers on both 
suspensors, and are not confined to the larger suspensor as previously re- 
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Fig. 1. P, hldkealecanuHy {j^erminatiug zygospore (Flemming’s; Haematoxylin). x 170. 
Fig. 2. P. hlakesleeanus, Sporangiospores from asexual sporangium ; unfused unexpanded 
nuclei (F.A.A.; Buffer), x 960. Fio. 3, Sporangiospores from germ sporangium. Fused 
and unfused unexpanded nuclei (F.A.A.; Buffer). x960. Fio. 4. Phizopus nigricans^ 
progametangia 7 hours old (Flemming’s; Haematoxylin). x400. Fio. 5. Gametangia 24 
hours old (Flemming’s; Haematoxylin). x400. Fio. 6. Zygospore 36 hours old, unfused 
expanded nuclei (Craf; Cahal-Brozek) . x400. Fig. 7. Zygospore 3 days old, fused and 
unfused nuclei. Note prominent unfused nuclei in suspensors (Flemming’s; Triple). X 400. 
Fig. 8. Dormant zygospore, fused unexpanded nuclei (Gilson’s; Feulgen). x400. Fio. 9. 
Germinating zygospore 13 months old, fused and unfused nuclei expanded (Flemming’s: 
Triple). X 400. 
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ported in A, spinosa. In A. orchidis Lendner (17) has illustrated copulation 
between the young appendages produced from the two suspensors of a zygo- 
spore, thus forming a secondary zygospore upon appendages which here 
functioned as zygosporic or sexual mycelium. The same situation has been 
observed several times in our cultures of A. glauca and indicates clearly that 
there is a localization of oppositely sexed plasma in the suspensors as well 
as in the gametangia. 

As in Rhizopus nigricans, nuclear divisions continue with great rapidity 
in the developing coeiiozygote and karyogamies are not in evidence until the 
exospore has been formed. The fusion nuclei are large and prominent, but 
they are of the Rhizopus type rather than of the type encountered in the 
species showing the ^^Mucor^^ pattern. All the nuclei present in*the young 
zygospore do not fuse, and for several days after karyogamy has occurred, 
the degeneration of unfused nuclei may be observed. Apparently all super- 
numerary nuclei degenerate before the zygospore becomes dormant. 

In the dormant zygospore, because of the great abundance of oil plastids. 
it is difficult to ascertain whether all the nuclei remain in the fused condi- 
tion, but no evidence of nuclear division of any sort has been seen between 
the time when the zygospore becomes dormant and the onset of germination. 
Presumably the nuclear condition during the dormant period is similar to 
that in Rhizopus where the diploid unexpanded phase persists until the 
spore germinates. Germination in our material occurred between the .sixth 
and seventh month after the formation of the zygospore. The nuclear con- 
dition in the germinating spores is identical with that described in Rhizopus, 
and apparently meiosis takes place during the first few divisions of the 
nuclei before the germ tube is formed. The germ tube develops into a long 
stolon which bears a fasicle of sporangia in the same manner as the vegeta- 
tive mycelium. The sex of all the spores in any germ sporangium is either 
plus or minus. Segregation of sex is thus apparently complete at meiosis. 

The similarity of nuclear behavior in Absidia glauca with that in corre- 
sponding stages of Rhizopus nigricans leads to the conclusion that the rela- 
tionships of the genus Tieghemella, erected by Berlese and de Toni to 
accommodate the species previously included in Absidia which resemble A, 
orchidis and A. glauca, are closer to Rhizopus than they are to the Hagemia 
section of Mucor and the Absidia spinosa type. In this material it is not 
possible to corroborate Moreau’s conception (20) that A. glauca shows essen- 
tially the same cytological behavior as A. spinosa. 

Tieghemella coerulea (Bainjer) Naumov. This is another heterothallic 
species segregated from Absidia by Naumov. It is distinguished from 
Absidia glauca only by minor differences in mycelium color and spore size. 
It has not been nreviouslv investiiyated cvtnloo-if»allv Tn tbp sfrAin iispfl in 
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the present study the young mycelia of the plus strain is pure white in color 
and the young mycelia of the minus strain cerulean blue. This constant color 
dilBEerence between the sexes renders this material particularly favorable for 
studies concerning sexual segregation, and investigations are being carried 
out along this line. 

From a study of a large number of zygospores it appears that in this 
species the ai)pendages are developed on both suspensors less frequently than 
in A. (jlauca. In this respect the species may be intermediate between A. 
spinosa and the forms in the genus Tieghemella. As far as can be determined 
the nuclear behavior differs in no way from that already described in A. 
(jlauca and, therefore, is obviously different from that in A. spinosa. 

Phycomyces blakesleeanus Burgeff. The genus Phyconiyces has been 
very- thoroughly investigated by many workers. Blakeslee (2) first demon- 
strated heterothallism in P. nitens and tested the sexual condition of the 
sporangiospores produced in the germ sporangia. His work has been con- 
firmed by Burgeff (4) and others. Burgeff (6) has dLscussed the taxonomy 
of the species used in the present investigation and indicates that the labo- 
ratory strain of this fungus which had been widely distributed as Phyco- 
myces nitens Kunze represents in reality an undescribed species named by 
liim P, hlakesleeanus. P. nitens Kunze is a rare and obscure species, and has 
probably never been investigated cytologically. All these workers agree that 
in the germ sporangium of P. hlakesleeanus segregation of sex is not com- 
plete, and sporangiospores of plus, minus, and homothallic or bisexual 
potentialities are produced. Burgeff (5) in a very extensive study of this 
species and its various mutants, has advanced the hypothesis that the hetero- 
caryotic nature of some of these sporangiospores is due to a partial diploid 
condition, resulting from only a partial reduction of the fusion nuclei in the 
zygospore. Krafcyzk (15) in observations upon a similar phenomenon in 
Piloholus crystallinus, has substantiated this theory. Burgeff (5) has also 
presented a brief description of the nuclear behavior throughout the life 
cycle. He finds that in all the early zygote stages many unfused nuclei are 
present; these persist in an apparently unfused condition throughout the 
development of the zygospore and during the dormant period. He has not 
been able to demonstrate a nuclear membrane on these nuclei and describes 
them as consisting merely of a single homogeneous chromatin body without 
any ‘‘nucleolus.’’ No fusions are noted until the time of germination, when 
tl 3 nuclei in the peripheral regions of the spore arrange themselves in pairs 
and fuse. These fusion nuclei are characterized by the presence of a 
membrane and a “nucleolus” and are larger than the unfused or haploid 
nuclei. He states that the diploid nuclei always have a membrane and 
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nucleolus, and that he uses this character to distinguish them from the hap- 
loid nuclei. 

As the germ tube develops and forms the germ sporangium fundament 
‘‘mitotic” divisions occur. Burgeff states that this mitotic process is very 
difficult to follow. He has observed prophases in which the nucleolus dis- 
appears, and later stages in which there are 24 chromosomes which have been 
derived from the single chromatin body of the nucleus. He finds that the 
division figures are intranuclear, and that 12 chromosomes move to each pole, 
where they assume a new membrane. He did not observe metaphases. These 
mitoses are interpreted as the heterotypic division, and are followed by a 
homeotypie division in which distinct chromosomes are again visible. Suc- 
cessive divisions then occur which give rise to a large number of nuclei which 
lack membranes. There are now present in the sporangial fundament nuclei 
with and without membranes, as well as presumably unreduced diploid 
nuclei. Theoretically spores which receive these unreduced nuclei give rise 
to heterocaryotic mycelium. Spore formation in the germ sporangium, ac- 
cording to Burgeff ’s description, differs from the condition reported by 
Swingle (25) in the vegetative sporangia. Burgeff finds only a single nucleus 
entering each spore initial which then becomes multinucleate by continued 
nuclear divisions, whereas Swingle reports that the spore initials are multi- 
nucleate from the time they are delimited by vacuoles, and he has been un- 
able to observe any nuclear divisions within the spore initials. Burgeff has 
not illustrated any of the nuclear stages, and the only stain which he has 
employed is iron alum-haematoxylin, which is notoriously inefficient when 
much reserve material is present. 

Moreau (20) has carried out cytological studies on the formation of the 
sporangia in Phycomyces nitens, where his results are in accord with those 
of Swingle (25), and upon the early stages of the zygospore where he re- 
ports nuclear fusions occurring at the stage where the exospore is deposited. 
These fusion nuclei are small and hard to distinguish from the unfused 
nuclei. Their ultimate behavior has not been determined. Keene (14) has 
investigated the nuclear condition in the zygospores of the same species up 
to 6 months of age but has not observed germination. She reports that in 
the young coenozygote the nuclei associate into groups of 12-16, after which 
a fusion of the nuclei in pairs results in a decrease in the number of nuclei 
and a slight increase in the size of the fusion nucleus. She finds that in zygo- 
spores six months old nuclei of the “typical” form are present in much 
reduced numbers in the thin parietal layer of cytoplasm in the dormant 
aygospore. Her illustrations of the early stages are very accurate, and for 
that reason these stages will not be reillustrated here. 

Baird (1) has studied the nature of the nucleus of P. nitens and the 
change it undergoes throughout the life cycle. He finds no nuclear fusions 
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at any stage and can discern no evidence of nuclear divisions in the zygo- 
spore or germ tubes. He notes, however, the grouping of the nuclei in the 
formative stages of the coenozygote, previously mentioned by Keene. He also 
describes the process of vacuole formation, and indicates that the vacuoles 
arise within the nuclei ; furthermore, he believes these vacuoles function in 
nuclear division. His account is confusing and seems based upon insuflScient 
evidence. Ling Young (18) has also noted the presence of grouped nuclei in 
the early zygospore stages, and he reports fusions occurring after this stage. 
The unfused nuclei then degenerate, and function in the nourishment of the 
fusion nuclei. He does not investigate the further development of the 
zygospore. 

Most accounts of the development of the progametangia and young 
coenozygote of this species are in agreement. These organs are multinucleate, 
mitotic divisions are in evidence as they increase in size, and the nuclei are 
extremely numerous. The development of the suspensor appendages is the 
same as that already described in Ahsidia, save that in Phycomyces they are 
branched. The individual nucleus in Phycomyces is very small when com- 
pared with such species as Mueor genevensis and Blakeslea trispora, rarely 
measuring more than two microns in diameter, in the unfused condition. 
Only Burgeff has been unable to demonstrate a nuclear membrane on the 
unfused nuclei at these early stages. His use of JiiePs fixative may account 
for the discrepancy since this reagent, which contains a high pereentRge of 
alcohol, has proved quite unsatisfactory for the precise fixation of these small 
nuclei. As the last remnants of the wall which separates the gametangia arc 
absorbed, the nuclei in the coenozygote come together into very characteristic 
groups. The nuclei are still expanded and these large nuclear groups might, 
in improperly fixed material, be mistaken for fusion nuclei. As far as can 
be determined, no karyogamy takes place at this or the immediately succeed- 
ing stages. At this time mucorine crystals become very abundant in the cell 
and even in the suspensors. Shortly afterwards, oil plastids are distin- 
guished, although these do not become as prominent as in Absidia spinosa 
and Mifcor genevensis. Keene, Moreau, and Ling Young have all reported 
nuclear fusions occurring soon after the nuclei a.ssociate in groups, but they 
all indicate that this fusion does not involve all the nuclei in the cell and 
that the unfused nuclei degenerate. In the present material no indication 
of either nuclear divisions, fusions, or degenerations can be distinguished 
after the nuclei have become aggregated into groups. To all appearances the 
nuclear condition in the zygospore remains unchanged until the onset oi 
dormancy. As the zygospores enter the resting period after the endoapore 
has been deposited, the only change visible in the nuclear condition is the 
apparent loss of the nuclear membranes. This is usual in all species at this 
stage when the nuclei change from the expanded to the unexpanded stage 
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coilUfideiit with a decrease in cytoplasmic activity (8). The grrouped arrange- 
ment of the nuclei seems to be retained throu^rhout the dormant period, 
which in this species persists for approximately six months. Blakeslee (2), 
Orban (22), and Burgeif (4) have discussed the duration of the dormant 
period, and the time during which the zygospores remain viable. From their 
observations and the results of the present investigation, it seems safe to 
conclude that the zygospores are capable of germinating at any time between 
the sixth and thirteenth month after their formation. Zygospores ready to 
germinate may be recognized externally by the mottled or translucent 
appearance of the exospore w^all. 

In the period just preceding the germination of the zygospores very 
clearly defined nuclear fusions occur. These do not, however, iiTvolve all the 
nuclei present in the cell. Estimating the proportion of nucdei which undergo 
karyogamy at this stage is a somewhat doubtful procedure, but possibly half 
the nuclei become enlarged to the extent where it seems reasonable to assume 
that they represent diploid nuclei. The fusion is of the Rhizopus type and 
the nuclei do not enlarge greatly before fusion. The grouped arrangement 
of the nuclei noticeable during the preceding stages of zygospore develop- 
ment is now lost and the fused and unfused nuclei are scattered without 
regularity in the peripheral regions of the cell. The central region previously 
occupied by several large vacuoles becomes alveolate, but remains sterile as 
far as the nuclei are concerned. One or two days after fusion has ()f‘(*urred 
the zygospore walls are ruptured and a thick germ tube is pushed out (fig. 
1). During the early stages of tube formation mitotic divisions of both the 
fused and unfused nuclei are in evidence, and both types of nuclei are pres- 
ent in the growing tube and in the fundament of the germ sporangium. It 
appears probable that the meiotic divisions in at least a portion of the diploid 
nuclei occur at this stage as Burgeff has indicated, but as yet characteristic 
division stages which might be interpreted as meiosis have not been observed 
in this material. All observations made upon spore formation in the germ 
sporangia indicate that these structures are formed in exactly the same man- 
ner which Swingle (25) has described for the asexual sporangia. The spore 
initials are, except in an occasional instance, multinucleate from their incep- 
tion, and Burgeff ^s statement that they are at first uninucleate cannot be 
substantiated. Nuclei of two sizes are certainly present in a portion of the 
spores of the germ sporangium (fig. 3), but there is no regularity whatever 
in this feature. It is presumed that both fused and unfused nuclei are dis- 
tributed by chance in the spore initials, the ultimate distribution of the two 
types of nuclei probably forming the basis for the sexual character of the 
ensuing spores and mycelium. No indications have been found of nuclear 
division of any type within the spore initials or the maturing spores. If part 
of the diploid nuclei present in the germinating zygospore have undergone 
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meiosis in the germ tube or the fundament of the germ sporangium, then it 
becomes apparent that nuclei of three types must be incorporated in the 
spores of this sporangium ; unfused nuclei which have persisted throughout 
the development of the zygospore, unreduced fusion nuclei, and nuclei which 
have undergone reduction division. The sexual character of the mycelium 
resulting from the germination of these spores is then determined by the 
balance existing between the potentially different nuclei present in them. 

Spores which contain a predominance of unreduced or diploid nuclei, or 
a perfect balance of plus and minus nuclei presumably produce upon germi- 
nation a potentially homothallic mycelium in which further sexual segrega- 
tion occurs at a later date. Mycelium arising from spores which contain a 
majority of unreduced or haploid nuclei is influenced in its sexual behavior 
by the balance existing between nuclei of the opposite sexes. This condition 
will, of course, give rise to mycelia in which all intergradations of sexual 
potency, from strongly unisexual to strongly bisexual, can occur. The work 
of Blakeslee (2), Burgeff (5), and Krafcyzk (15) indicates that such sexual 
intergraclation does occur in Miu^ors which show this incomplete segregation. 
It must be emphasized, however, that to date the only available cytological 
evidence that confirms such an hypothesis, is Burgeff ^s report of partial 
reduction of fused nuclei in the germ tube and young germ sporangium, 
and the present results which indicate that nuclei of tw’o types, fused and 
unfused, are present in the spores of the germ sporangium. Further inves- 
tigation of these critical stages is necessary in order to completely clarify the 
nature of the meiotic process. 

In the hope of tracing the ultimate behavior of the unreduced nuclei 
which enter some of the spores of the germ sporangium, a great number of 
single-spore cultures of these spores were made. Some of these resulted in 
.homothallic mycelia characterized by the production of pseudophores and 
homothallic zygospores as described by Blakeslee (2) and Burgeff (4). 
Homothallism of this type is, of course, phenotypic, as contrasted with the 
genotypic homothallism present in such genera as Zygorhynchus and 
Sporodinia. Development of the homothallic mycelia and zygospores of the 
Fi generation as far as nuclear behavior was concerned apparently followed 
the same course described for the heterothallie cultures. Segregation of sex 
in the germ sporangium was again only partial, plus, minus, and neutral 
or homothallic mycelia again being obtained in the F 2 generation. The homo- 
thallic mycelia of this third generation was so w^eak in these cultures that 
no perfect zygospores w^ere developed. It was therefore impossible to con- 
tinue the study of homothallic segregation beyond the third generation. It 
would be expected from the fact that two types of nuclei were present in 
the germ spores of the first generation that these two types of ntfclei would 
be in evidence in some of the early stages of the Ft homothallic mycelia, but 
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in spite of particular efforts, no evidence of a heterocaryotic condition could 
be found in either the second or third generation except at the fusion stages 
in the zygospore of the germ tube and young germ sporangium and in the 
spores resulting from this germ sporangium. It is possible that the diploid 
nuclei present in these spores are reduced in the first few divisions after 
the spores germinate, and that second generation homothallism results from 
a perfect balance between plus and minus nuclei, rather than from a reten- 
tion of the diploid condition, in some isolates. It is, of course, also conceiv- 
able that these diploid nuclei may degenerate in the early mycelial stages. 
As yet no technique for the adequate examination of these early mycelial 
stages of the homothallic segregants has been developed, since it is as yet 
impossible to determine the sexual character of any isolate unti! the repro- 
ductive organs are formed. 

Observations on the asexual sporangia of heterothallic and homothallic 
isolates indicate that development proceeds in complete accordance with 
Swingle’s (25) description; hence no further attention will be given to this 
phase of the life cycle. 

Phycomyces MicROSPORUs Vail Tieghem. Material of this species was col- 
lected in North Carolina by G. A. Christenberry, who kindly contributed 
cultures for study. The fungus is smaller in all its dimensions than P. blakcs- 
leeanus but differs from the latter in no other important respects. It Ivis not 
been previously investigated cytologically. No differences were observed 
between the nuclear condition in this species and in P. blakesleeanus, and 
the behavior of the spores in the germ sporangia were identical in their 
sexual expression. The zygospores germinate in 3~4 months, which indicates 
a somewhat shorter dormant period than in the aforementioned species. 

Sporodinia grandis Link. Dangeard and Leger (10) were the first to 
investigate the nuclear condition in Sporodinia. They describe the young 
zygospore as containing many nuclei in a dense protoplasm ; at a somewhat 
later stage nuclei of two sizes appear, and nuclei remain evident in the older 
stages of the zygospore as oil begins to accumulate. Leger continued this 
work independently (16) and described a number of anomalous bodies not 
observed by other workers. According to Harper (12), Lendner (17), and 
Ramsbottom (23), Leger ’s results must be questioned since they were ob- 
tained only by gross dissection with needles, and in crushed mounts, and 
these methods are obviously unsatisfactory for such minute structures. 
Dangeard (9), after a .study df the nuclear condition in Mucor fragilis, 
returned to Sporodinia, and in light of the nuclear condition in Mucor he 
claimed a similar condition existed in Sporodinia, with the exception that 
the nuclei were very much more numerous. According to this interpretation, 
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nuclear fusions occurred in the maturing zygospore, and there were present 
in the older spores certain masses of mucorine crystals which resembled 
coenocentra. Moreau (20) has corroborated, in its essentials, the work of 
Dangeard. 

Gruber (11) found numerous nuclei present in the early stages of the 
zygospore, and stated that there was a brief period of nuclear zonation in 
the young zygote, similar to that noted in many Peronosporaceae, the nuclei 
being more numerous in the parietal layer during this period. He found no 
disorganization of nuclei and no nuclear fusion, although he assumed that 
the latter took place at some stage in the life cycle. 

Lendner (17) investigated the formation of the zygospores up to the 
point where the endospore is laid down. His account of the early stages 
agrees with those of other workers. However, he finds two large nuclei pres- 
ent in the newly formed zygospore, in addition to a great number of small 
nuclei lying scattered throughout the cell. These small nuclei divide and 
seem to be more numerous near the walla of the spore where they may func- 
tion in the formation of the zygospore membrane. The two large nuclei fuse 
and occupy the exact center of the spore. He does not determine the fate 
of this fusion nucleus. Rainsbottom (23) has presented a very complete sum- 
mary of the work on Sporodinia up to this point. 

In 1914 Keene (13) published the results of an extensive study of the 
nuclear behavior in this species. She reports progressive nuclear fusions 
occurring as the protoplasm of the gametangia mingles, and as a result two 
types of nuclei are present in the young zygospore. The larger of these rep- 
resent fusion nuclei. The unfused nuclei ultimately degenerate. She exam- 
ined zygospores up to one year of age and in the older stages describes the 
formation of oil plastids which she likens to the elaioplasts of higher plants. 
In the mature zygospores, from 3 to 12 months old, there are numerous 
fusion nuclei present in the thin parietal cytoplasm which surrounds the 
large central vacuole. She states that this condition persists until germina- 
tion, although she did not obtain germination. Mucorine crystals are re- 
ported in all the earlier stages. 

Ling Young (18) has added a fe^v points of interest to the accounts of 
other investigators on Sporodinia, He notes a tendency for the nuclei of the 
progametangia to aggregate into groups near the membrane which separates 
the gametangia. Fusions presumably take place during the formation of the 
young zygospore, but he states that it is difficult to distinguish the fusion 
nuclei, which are only slightly larger and more dense than the ordinary 
vegetative nuclei. He does not trace the ultimate behavior of the nuclei in 
the maturing spore. In azygospores of Sporodinia^ where no fusion of proto- 
plasts has taken place, there are numerous mitotic divisions as the spore 
develops and the nuclei aggregate into groups. It is difficult to ascertain 
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whether they fuse, but in the older spores there is a decreased number of 
nuclei and some difference in nuclear size. He does not feel that there is any 
fundamental difference between the nuclear behavior in zyj?ospores and 
azygospores. Harper (12) has described the process of sporangiospore forma- 
tion in the asexual sporangia of this genus. He finds that the protoplasm of 
the sporangial fundament segments into multinucleate portions which at 
maturity assume a w’all and function as spores. 

The early stages in the development of the thallus and azygospores have 
been very accurately worked out by Keene (13) and no further discussion 
of them is necessary. During nuclear division an achromatic spindle is devel- 
oped, but it is very faint and centrioles can only occasionally be distin- 
guished at the poles (fig. 19). At the tips of developing hyphae,'sporangio- 
phores, and zygophores threadlike mitochondria can be demonstrated by the 
use of basic fixatives (fig. 16). These appear closely similar to those already 
described in Mncor genevensis (8). 

Mitotic nuclear divisions occur repeatedly during the development of the 
progametangia. As they reach their maximum size a darker staining area 
appears in the cytoplasm around the point of contact of these progametangia, 
extending some distance back into them (fig. 10). This presumably results 
from the diffusion of some enzymatic* substance which causes the dissolution 
of the membrane separating the progametangia. It disappears shortly after 
the membrane has broken down (fig. 12). At this point Keene has described 
nuclear fusions which result in the presence of nuclei of two sizes, although 
she points out that the minute size of the nuclei make it difficult to deter- 
mine whether there are true fusions or only divisions. The results of the 
present study show no evidence of any fusions occurring at this stage. No 
significant difference in nuclear size w’as .seen which could not be accounted 
for on the assumption that certain of the nuclei have commenced to degen- 
erate and hence are in the unexpanded phase. Mucoriiie crystals are some- 
times very abundant and in other cases almost lacking. These crystals may 
at times be confused with the achromatic spindles of dividing nuclei in 
material stained in haematoxylin, but show no reaction to the Feulgen test 
and can thus be distinguished easily. Although many hundreds of spores 
have been examined no indication of the large fusion nucleus reported by 
Lendner has been seen. Figure 12 shows a young coenozygote just after the 
membrane which separated the progametangia has been absorbed. At the 
center of the spore the dark portion, which actually represents the remnants 
of this membrane with several included mucorine crystals, might, in mate- 
rial stained with Safranin such as Lendner used, he interpreted as a fusion 
nucleus. This figure corresponds well with his illustration of this fusion 
nucleus, and perhaps explains his interpretation. 

Shortly after the formation of the young zygospore, the cytoplasm be- 
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comes denser, and through repeated mitotic divisions, the nuclei become 
much more abundant. At the same time the exospore is laid down. Keene has 
attributed the darkening of the cytoplasm to the presence of disorganizing 
nuclei, but in my preparations the nuclei do not appear to degenerate until 
a much later stage. In material fixed with basic fiuids and stained in 
haematoxylin mitochondria are very numerous and group around the 
boundaries of the developing vacuoles, where they form a very character- 
istic reticulum, in the interstices of which the nuclei are suspended. Shortly 
thereafter oil accumulates in these vacuoles and the mitochondria begin to 
disappear. This would suggest that these structures function in the secretion 
of oil, a fact borne out by the researches of Tarwidowa (26) who described 
fat droplets as arising from the chondriome in Basidiobolus ranarum. Sev- 
eral authors have described a zonation of the nuclei in the zygospore at 
this time, and Keene suggests that the unfused nuclei gather near the 
l)eriphery of the spore and there disintegrate. In material which had been 
thoroughly penetrated by the fixing fluids, no zonation of nuclei was ever 
encountered in this study, but when fixation had been too rapid and good 
penetration had not been secured, the nuclei frequently had a zoned aspect 
in the zygospore. Inasmuch as the nuclei near the periphery had in these 
cases been adequately preserved, their structure was apparent and they 
could be seen to be unfused, whereas those nuclei near the center of the 
spore were very poorly preserved and their size could not be definitely deter- 
mined. Thus a fixation ‘^artifact’’ may have been responsible for the descrip- 
tion of a zonation stage in the zygospore. 

About five days after the formation of the exospore, the heavy hyaline 
endospore begins to appear and in zygospores one w^eek old the endospore 
is almost invariably present. By this time the reserve substances have be- 
come abundant and are accumulated in one or more large vacuoles in the 
center of the spore, while the cytoplasm is restricted to a thick parietal layer. 
As the cytoplasm becomes contracted and its activity ceases, the nuclei 
change to the unexpanded state. It seems probable that here a certain amount 
of nuclear degeneration occurs, since in the restricted c}i;oplasm the nuclei 
appear no more numerous than they do in the younger stages (fig. 14). A 
few amitotic divisions have been observed at this stage which tends to bear 
out the contention (8) that amitosis may be the first indication of nuclear 
degeneration. The large oil plastids have arisen by the coalescence of many 
smaller ones in the manner described by Keene (13). No further changes 
take place in the spore until germination ensues. 

Blakeslee (2) has reported the germination of the zygospores of this 
species and established the fact that the sporangia arising from th^ ger- 
minations bear spores which are all homothallic. His results indicate that 
germination usually occurs within two months after the formation of the 
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Fig. 10. Sporodinia grandis. Progametangia 4 hours old (F.A.A.; Haematoxylin). 
X 170. Fig. 11. Progametangia 8 hours old, the angular bodies are inucorine crystals 
(F.A.A.; Cahal-Brozck). x 170. Fig. 12. Coenozygote 10 hours old, the dark material in 
center of spore represents remnants of progametangial membrane (F.A.A. ; Buffer). X 170. 
Fig. 13. Zygospore 5 days old, mucorine crystals and oil vacuoles present (Flemming ^s; 
Haematoxylin). x 170. Fig. 14. Dormant zygospore 12 days old (S.M.C. ; Feulgen). X 170. 
Fig. 15. Portion of germinating zygospore and germ tube 17 days old (Flemming’s; 
Haematoxylin). xl70. Fig. 16. Tip of vegetative hyphae showing threadlike mitochon- 
dria and expanded nuclei (Z.R.C.; Haematoxylin). x 660. Fio. 17. Portion of zygospore 
showing heavy wall and expanded nuclei (Flemming’s; Triple), x 660. Fig. 18. Spor- 
angiosporos with unexpanded nuclei (F.A.A.; Buffer), x 900. Fio. 19. Metaphase, ana- 
phase, anfl telophase of mitotic division in young coenozygote (Flemming’s; Ilaema- 
tcmylin). xl500. Fio. 20. Expanded nuclei in coenozygote showing central body and 
chromatic reticulum (Flemming’s; Triple). xl500. 
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zy^yospores, althou^?h he points out that it is impossible, on the basis of 
p:ross examination, to distinguish between living and dead zygospores. 
During the course of this study a large number of zygospores of Sporodinia 
were germinated and much information concerning the details of this process 
accumulated. This will be presented in a subsequent publication. There is 
very strong evidence that in artificial culture at least the zygospores remain 
viable for only about a month after their formation, and the greatest num- 
ber of germinations have been obtained from zygospores about two weeks 
after the formation of the exospore. At this time it was frequently possible 
to obtain 100 per cent germination of zygospores isolated under sterile con- 
ditions ajid kept uncontaminated by other organisms. After this critical 
period has passed, the percentage of germinations fall off rapidly and it 
has proved impossible to germinate spores over six weeks old. For this 
reason, it has been assumed that spores over this age are probably no longer 
viable, although Blakeslee’s statement concerning the impossibility of dis- 
tinguishing living from dead spores externally is fully confirmed. Since 
many of Keene ’s data were drawn from spores over six weeks old, it appears 
probable that she was at times dealing with dead spores, and that certain 
of the peculiar chromatic bodies which she describes in these ‘‘mature^’ 
spores were, in reality, decomposition products. 

Approximately two weeks after the deposition of the exospore the spore 
contents become vacuolate and much of the reserve substance present disap- 
pears. The nuclei assume the expanded condition, but remain in the periph- 
eral regions of the spore and mitotic divisions commence. A certain amount 
of swelling of the spores takes place, and externally this stage may be 
recognized by the mottled appearance of the exospore. By the time the oil 
reserve has been completely absorbd, the endospore and exospore are rup- 
tured at a point usually close to the median line of the spore and a thick 
germ tube is pushed out (fig. 15). Mitotic divisions take place rapidly as 
this tube develops, but they differ in no way from those seen in the vegetative 
mycelium. Growth of the tube is fairly rapid and in a moist atmosphere it 
may in the course of 48 hours reach a length of 5 centimeters. After the 
initial period of growth is over, the tube develops a series of dichotomous 
branches which in turn produce terminal sporangia. If the primary tube 
is injured or encounters any obstructions several secondary tubes may be 
developed, and growth of these proceeds until all the reserve contents of 
the spore have been utilized. In the growing tubes most of the cytoplasm is 
aggregated near the tips while the older portions of the tube quickly become 
vacuolate and develop pseudosepta of the same type as those in the asexual 
sporangiophores. Harper’s account (12) of the development of the vegetative 
sporangia is fully confirmed by a study of both vegetative and germ 
sporangia. No peculiarities of mitotic division, and no evidence of nueleai 
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fusion ill either {rerm tube or germ sporangium have been observed. The 
spores of the germ sporangium are multinucleate and give rise to homo- 
thallic myeelia. 

Prom a consideration of the accounts of Dangeard, Leger, Moreau, 
Lendner, Keene, and Ling Young the conclusion is reached that nuclear 
fusions occur in the early stages of zygospore formation. All these authors 
aflSrm the difficulty in distinguishing nuclear fusion from nuclear division 
and have shown that only a slight size difference distinguishes fused from 
unfused nuclei. Lendner alone has been able to demonstrate typical fusion 
nuclei, but as pointed out above his interpretation may be questioned. Ling 
Young has indicated that there is apparently no essential difference between 
nuclear behavior in azygospores, where nuclei of only one poteittiality are 
present, and in zygospores where presumably there are nuclei of two poten- 
tialities. Gruber has not seen any fusions whatever nor has he reported 
any nuclear degeneration. The present study indicates that the size differ- 
ence in nuclei at various stages of zygospore formation and also at other 
stages in the thallus may be correlated directly with the state of activity 
of the cytoplasm. Expanded nuclei in active cytoplasm always appear larger 
and more chromatic than unexpanded nuclei in senescent cytoplasm. This 
situation has not been elucidated in previous studies on the Mucorales. Such 
a concept offers a very logical explanation of the situation described by 
Dangeard, Keene, and Ling Young, in which nuclei of two types are present 
during the young zj'gospore stages, for certain supernumerary nuclei may, 
just before degeneration, enter the unexpanded phase. If this hypothesis is 
valid, then in reality no investigator has ever encountered true karyogamy 
in Sporodinia, That such a situation may be true seems plausible in the light 
of facts garnered from a study of other members of this group where 
karyogamy is a clearly defined process. The question therefore arises whether 
karyogamy regularly occurs in Sporodinia, or whether the stimulus of 
plasmogamy is sufficient to induce an apopiiotic development and germina- 
tion of the zygospore. In the present study no indication whatsoever of 
nuclear fusion or reduction division at any stage in the life cycle has been 
encountered. 

The fact that the expression of sexuality in Sporodinia, manifested by 
the production of zygospores, is very largely dependent upon environmental 
factors as shown by the researches of Blakeslee (2) and Robinson (24) 
indicates that the sexual potentiality of this species is not particularly strong 
when compared with such other homothallic mucors as Zygorhynchns 
dangeardi and Mucor genevensis in which zygospore production occurs 
regularly under almost any environmental conditions. This situation, 
coupled with the fact that undoubted karyogamy has not been conclusively 
demonstrated, may further indicate that in Sporodinia the zygospore no 
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loiijrer represents a truly sexual spore but is only a highly specialized type 
of asexual reproduction retaining externally the ancestral zygosporic form. 
Such an interpretation requires the assumption that homothallism of this 
type is a derived condition. The work of Burgeff on Phycomyces and 
Krafczyk (15) on Pilobolus has emphasized the fact that the homothallism 
shown by certain isolates of these genera results from a heterocaryotic con- 
dition in the mycelia and depends for its expression on the balance existing 
between nuclei of opposite potentialities present in any given mycelium. 
Such homothallism is quite different from the genic homothallism of 
Zyyorhynchus and some species of Mucor in which the mycelium is homo- 
caryotic and the homothallic condition arises from self-fertility rather than 
from a balance between nuclei of different genotypes. Furthermore, experi- 
ments carried out by Ling Young (18) on mycelium regenerated from the 
suspensors and young progametangia of Sporodinia showed that this my- 
celium was both homocaryotie and homothallic and was capable of pro- 
ducing normal zygospores, thus indicating that in the initials of the sexual 
organs there had been no localization of opposed sexual tendencies. Since 
it has been shown (8) that well-defined karyogamies occur in such species 
as Zygorhynchus dangeardi and Absidia spinosa which show this same homo- 
caryotie condition, it seems not unreasonable to suppose that in Sporodinia 
the situation has been carried one step further, and that nuclear fusion 
has become obsolete. Such a simplification of the life cycle might be expected 
in a highly specialized semi-parasitic species of this type. The development 
of the zygospore is then explainable upon the basis of habit derived from 
the parental homocaryotie form which, in turn, was derived from an orig- 
inally heterocaryotic, heterothallic condition by the appearance in some 
strains of a condition of self-fertility in the nuclei. Additional evidence for 
this situation might be deduced from Lendner^s (17) report of a reduced 
number of karyogamies in a strain of Sporodinia, although it has previously 
been suggested that his conclusions may have resulted from the incorrect 
interpretation of an artifact. A reduction in the number of karyogamies, 
from a condition of multiple fusions as seen in Zygorhynchus to a condition 
where only two fusions occur, such as Lendner reports for Sporodinia, may 
well be interpreted as an intermediate step in the progression towards a 
complete loss of karyogamy. It is perfectly plausible that the nuclear con- 
dition may not be stable throughout all the races of the species, and that the 
material used in this study represents a more advanced condition than that 
present in Lendner ’s material. 

It is evident that a number of strains of Sporodinia from different locali- 
ties must be investigated in order to ascertain whether the nuclear condi- 
tion is in a transitional state or whether it has reached a uniform* develop- 
ment in a wide range of isolates. These isolates are unfortunately not 
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Fio. 21. Diagrams illustrating the probable nuclear condition in the zygotes of the 
15 species included in this study. The geometric arrangement of the symbols has no sig- 
nificance except to indicate the approximate distribution of the nuclei at various stages. 
The arrows indicate the stages at which meiotic divisions presumably occur. The four time 
intervals given are arbitrary and may vary under different conditions, but merely repre- 
sent the average intervals at which conspicuous nuclear phenomena occur in the four 
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available at present. Until undoubted nuclear fusions can be demonstrated, 
it appears that the development and germination of the zygospores in my 
material of Sporodinia is of an apomictic nature, and in this case plas- 
mogomy furnishes the necessary stimulus to further development ordinarily 
supplied by karyogamy. The zygospore must then be regarded as a vestigial 
structure representing the last evidence of an obsolete sexuality. 

DISCUSSION 

A consideration of the fifteen forms included in this study indicates 
that four general patterns of development occur. These patterns are illus- 
trated diagrammatically in figure 21. It is possible that further investiga- 
tion of other species in the order will reveal that all the forms may be 
grouped according to these general formulae. It is equally probable that 
still other conditions may exist, or that intergradations between these four 
basic patterns can be demonstrated. In the species studied here intergrading 
forms were not observed. Some doubt may arise concerning the correct 
interpretation of the pattern illustrated by Sporodinia grandis and 
Zygorhynchus vuilleminii var. agamns. It is evident that the behavior 
patterns of the nuclei of these forms are not homologous and have arisen 
in completely different ways. The apomictic development of Sporodinia 
apparently represents the loss of the sexual function of the nuclei, with 
physiological differences in the plasma, under the influence of external con- 
ditions, sufficient to produce a pseudosexual reproductive mechanism. This 
type of pattern in Z. vuilleminii var. agamus on the other hand represents 
a degeneration from the earlier sexual condition caused by a suppression or 
loss of function of the nuclear complement of one gametangium. That this 
is an advanced rather than a primitive condition is implied by the fact 
that on thase rare occasions when both gametangia function in zygospore 
formation the nuclear pattern of the zygote is of the same type as that in 
the* species. It is to be expected that in future work on this problem this 
fourth category of nuclear behavior will serve as a repository for species 
in which the loss of sexuality has arisen in several ways, and in this respect 
it must not be thought of as a natural grouping. 

Much further work must be done before any valid conclusions can be 
drawn on the evolutionary course of these patterns. From this preliminary 
survey it appears that the Rhizopus pattern may have arisen from the Mucor 
pattern by a restriction of karyogamy to certain favored nuclei and a de- 
ferment of the meiotic process until the time of germination. This condition 
is carried further in the Phycomyces type in which an association, but no 
fusion, of nuclei occurs early in the formation of the zygote, the fusion being 
delayed until the time of germination where it is still restricted t<5 favored 
nuclei. This condition also appears more specialized than the Rhizopus type 
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in that all the fusion nuclei do not undergro meiosis in the first freneration, 
and that certain nuclei apparently persist througrhout the life cycle without 
undergroingr karyog:amy. This persistence of unfused nuclei, correlated with 
only partial meiosis and possible degeneration of fusion nuclei, may indi- 
cate the origin of the Sporodinia type in which karyogamy is apparently 
obsolete and unfused nuclei regularly persist throughout the life cycle. 
These specializations in nuclear behavior can be correlated with a general 
increase in the size and complexity of the thallus as well as with an increas- 
ing tendency for the reproductive structure to be borne upon specialized 
zygosporic hyphae or zygophores rather than upon apparently undifferen- 
tiated vegetative mycelia. Further conclusions do not seem warranted with- 
out additional information on transitional types. ' 

It will be noted that the concept of expanded and unexpanded nuclei is 
of great importance to the interpretation of nuclear behavior in the various 
stages of the zygote. This concept is equally applicable to fused and unfused 
nuclei. The numerous reports of nuclear degeneration at various stages in the 
life cycle, particularly during the dormant periods of the zygospore, are in 
large part traceable to the failure to distinguish between true nuclear de- 
generation and the assumption, by persistent nuclei, of the uiiexpanded 
phase during periods of cytoplasmic inactivation. In future investigations 
this distinction should be borne clearly in mind. 

The results of this study indicate certain problems which must ^receive 
consideration in the future. The most important of these is obviously a 
further investigation into the process of meiosis in these forms. As yet our 
knowledge of chromosome reduction is confined to Burgeff ’s brief discussion 
of the phenomenon in Phycomyces blakesleeantts and the present report of 
prophase configurations in Ahsidia spinosa. The importance of an under- 
standing of the nuclear patterns described here to phylogenetic studies in 
this order makes imperative the investigation of other species from the same 
standpoint. In connection with the apomictic development of the zygospore 
of Sporodinia an investigation of such other semi-parasitic homothallic 
genera as Dicranophora and Spinellus may indicate a similar condition. The 
present study has only partially clarified the nature of the chondriome in 
the Mucorales, and the origin of the oil plastids and their possible connection 
with mitochondria and nuclei remains obscure. It is hoped that a further 
study of these critical phenomena, by the use of more precise techniques, may 
be instituted in the near future. 

SUMMARY 

% 

1. The nuclear condition throughout the life cycle of fourteen species 
and one variety of the Mucorales has been investigated by the use of several 
fixing and staining techniques not previously applied to this group. The 
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results obtained with these new methods are compared with those obtained by 
the usual techniques of fungus cytology. 

2. Nuclei are shown to exist in two conditions at various stages in the 
life cycles. Expanded nuclei occur at all stages where the cytoplasm is in an 
active state. Unexpanded nuclei are present wherever cytoplasmic activity 
has slowed down or ceased. The failure to recognize the significance of these 
two nuclear phases has accounted for several erroneous interpretations in 
previous investigations. 

3. Four patterns of nuclear behavior are described in these 15 forms. In 
the Miicor type all functional zygospore nuclei undergo karyogamy followed 
by immediate reduction division prior to the onset of dbrmancy in the 
zygospore. In the Rhizopus type only a portion of the nuclei in the zygospore 
fuse and the supernumerary nuclei degenerate before the rest period sets in, 
while reduction division is delayed until the germination of the zygospore. 
In the Phycomyces type the nuclei associate in groups in the young zj^^gospore 
and persist in this association until the germination of the zygospore. A 
partial fusion of the nuclei present occurs just prior to germination, but 
the uiifused nuclei do not degenerate. Reduction division of some of the 
fusion nuclei occurs in the germ tube and the developing germ sporangium, 
but some of the apparently unreduced diploid nuclei enter the sporangio- 
spores of the germ sporangium. These presumably pass to the next genera- 
tion in the unreduced condition. In the Sporodinia type nuclear fusion 
apparently does not take place at any stage in the life history and develop- 
ment of the zygospore is apomictic. 

4. The possible course of evolution of these patterns is discussed briefly. 

The author takes this opportunity to express his appreciation to Pro- 
fessor L. W. Sharp, under whose direction this work was carried out, for his 
interest and helpful suggestions during its course. Special acknowledgment 
must also be made to Dr. D. H. Linder of Harvard University for many 
suggestions concerning techniques and for his kindness in supplying ma- 
terial. To the many others who contributed materials or proffered sug- 
gestions, the author extends grateful thanks. 
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Wilson, 0* B* Some observations on the flora of Shoshone County, Idaho. 
Northwest Sci. 16: 36-38. My 1942. 

MORPHOLOGY 

(including anatomy, and cytology In part) 

Berkley, E. E. Shrinkage and cell wall structure of cotton flbers. Am. Jour. 
Bot. 29: 416-423. /. 1-6, 3 Je 1942. 
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plant in the Monocotyledoneae. Am. Jour. Bot. 29: 441-450. /. 1-10, 
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8tudlialter, B. A. The foot of Riella americana and its relation to nutrition 
of the sporophyte. Bot. Gaz. 103: 633-650. /. 1-16. 24 Je 1942. 
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400-415. /. 1-23. 3 Je 1942. . 
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sponse. Bot. Gaz. 103: 710-724. /. 1-4. 24 Je 1942, 
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Bever, W. M. A nonpathogenic buff -colored barley smut. Phytopathology 32: 
637-639. J1 1942. 
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Bhoades, A. S. Notes on Clitocybe root rot of bananas and other plants in Flor- 
ida. Phytopathology 32: 487-496. /. 1-3. Je 1942. 
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160-168. /. 1-4. Ja 1942. 
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Valleau, W. D. Virus nomenclature and classification. Chron. Bot. 7: 152-154. 
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Bot. 7: 169-171. Je 1942. ^ # 

Pearson, G. A. Herbaceous vegetation as a factor in natural regeneration of 
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DEVELOPMENT OF SPORELINGS IN THE LEJEUNEACEAE* 

Margaret Pulpord 

The observation of the sporeling stages of plants has long been of interest 
not only because of the information concerning the differentiation and spe- 
cialization of the tissues involved, but also because of the phylogenetic im- 
plications which might be derived from these patterns of development. The 
literature devoted to this sort of observation in higher plants is rather large 
and well known and no attempt will-be made to review it at this time. 

The Bryophyta, particularly the leafy Hepaticae, afford an especially 
stimulating field for studies of this nature. In the first place, our information 
regarding the ancestral forms of this geologically ancient group of plants is 
very fragmentary, and these developmental stories give promise of indi- 
cating relationships between the modern groups. In the second place, the 
various tissues of the leafy liverworts are relatively less complex and the 
mass of cells involved much smaller, so that the various steps in the develop- 
mental story can be studied more clearly — often without making sections. 
Unfortunately, too little attention has been given to studies of this sort, for 
at the present time our information concerning the sporeling among the leafy 
liverworts is very meagef.^ 

In working over collections from Central America, sporelings were found 
in several genera of the Lejeuneaceae. They appear to be of special signifi- 
cance, first, because no examples of sporelings with leaves have previously 
been reported for this largest and most elaborate family of the leafy liver- 
worts, and secondly, because the basic pattern of development is not uniform 
throughout the group. The several patterns are described below. 

1. Lopholejeunea Sagraeana. The plants of this species form brown- 
ish or blackish green mats on trees and wood. The stems may reach 2 cm. in 
length, the leaves are ovate and rounded-entire, to 0.75 mm. long and 0.55 
mm. wide, with the lobule rather small, but conspicuous and strongly in- 
fiated. The underleaves are reniform and undivided.* The sporelings’* were 
mostly 0.2 mm. long. The four or five distinct leaves were deeply pigmented 
with brown, as are those of the parent plants. They were identified as spore- 

* This work was done during a study of tropical American Hepaticae made possible 
through a John Simon Guggenheim Memorial Fellowship 1941-1942. 

1 For a summary see G. Ohalaud in Verdoorn, Manual of Bryology, chapt. 1932. 

2 See Evans, A. W. Bull. Torrey Club 34: pi, J, no,. lO-^fSO, 1907, for figure. 

2 Sporelings were found both in the material collected by Steere and Lundell, no. 
t060 (Univ. Michigan) in Pet4n, Guatemala, and by Dodge, Steyermark* Allen no. 
16946 (Missouri Bot. Garden), in Panama. All of them were in approximately the same 
stage of development. 
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lings rather than developing gemmae because of the presence of the granular 
exospore which was still conspicuous over the basal part, a feature which 
according to Goebel^ is characteristic of sporelings but is absent in gemmae. 

No filamentous protonemal stage is formed. Mature spores have not been 
described for the genus, nor were they found in the material, so that we do 
not know whether germination begins while they are yet in the sporangium 
or after they are shed. An early stage in germination showed the presence of 
two walls more or less at right angles to one another within the exospore (fig. 
1, A-C). Divisions within some spores ceased at this point but in others it 
continued until a somewhat larger, often bulging mass of cells — perhaps 
ten — ^was formed (fig. 1, D-E). A rhizoid is often produced from the b|isal 
cell (fig. 1, A~C). The growth of the leafy plant is initiated by the activities 
of the other three cells (or the cells at one end if there are more than four), 
which probably immediately form an apical cell with three cutting faces. 
Remnants of the exospore were never observed on the cells of the new leafy 
plant, which indicates that it breaks through the spore coat, or that the 
exospore is stretched so thin that it can no longer be observed. 

The first leaves, the primary leaves, are very small, ovate and plane, each 
one increasingly larger than the preceding (fig. 1, B-D). In most of the 
sporelings examined three such leaves were found, but occasionally there were 
more. Usually the fourth leaf formed is many times larger than these, is 
saccate and bilobed, with the lobule nearly as large as the leaf (fig. 1, C and 
D). This saccate leaf is the characteristic juvenile leaf of the Cejeuneaceae 
and is to be found also in Frullania and Porella* and no doubt in certain 
other of the leafy liverworts. This saccate leaf is the earliest indication of 
the formation of the watersac so characteristic of the mature leaves (com- 
pare fig. 1, C and D, with 1, F). 

Concurrent with the formation of this juvenile leaf the first recognizable 
underleaf is developed {x in fig. 1, C). This juvenile underleaf is narrowly 
lanceolate, while that of the mature plant is reniform. 

The stem continues to form leaves and underleaves of the juvenile type 
for some time. Unfortunately, none of the plants was sufficiently large to 
show the transition from the juvenile to the mature condition, but this change 
is no doubt a gradual one with the lobe becoming larger in each successive 
leaf formed, since occasionally on depauperate stems or branches of mature 
plants some of the leaves may be much reduced (juvenile), nearly as small 
and of a similar outline, and here the transition to the mature condition is 
gradual. 

This type of sporeling has not previously been observed in any of the 
Lejeuneaceae. The initial stages in the development of the spore, that is, the 
formation of several cells within the expanding exospore, is similar to the 

Goebel, K. Organographie der Pflanzen 2: 906-907. ed. 3. 1930. 
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condition described by Goebel* for Pellia, Porella, Frullania, and Lepido- 
laena (Polyotus), The young leafy stems are almost identical with those of 
Frullania dUatata in habit, as well as in the character of the primary leaves, 
the underleaf, and the juvenile leaf which Goebel described and figured. It 
differs in that in F, dilatata the number of cells formed within the exospore 
is at least eight, usually many more, while in Lopholejeunea Sagraeana the 
number is very often four and never more than eight or ten. 

The sporelings described by the earlier writers as indicative of the sort 
to be expected throughout the Lejeuneaceae are not of the type just described 
for Lopholejeunea, but to some extent do agree with the form described next. 

2a. Stictolejeunea kunzeana (t). Mature stems of this species may 
reach 5 cm. in length, are green tinged with brown, and are usually copiously 
pinnately branched. The rounded-ovate leaves average 1.4 mm. long and 0.85 
mm. wide, the small watersac is narrowly cylindrical in form, and the under- 
leaves are broadly orbicular and undivided. Specialized cells, the ocelli, are 
scattered throughout the leaf, underleaf, and perianth, and are diagnostic 
for the genus. The sporelings® were abundant among the leaves of the parent 
material and on Plagwchila growing intermingled with it. There were sev- 
enty-five or more, all of them approximately the same age and probably from 
the same sporangium. Unfortunately the mature spores could not be found, 
nor have they been described previously. 

There is formed on germination a flat, linear protonema, one layer of 
cells thick, two cells broad and usually four cells long. This eight-celled body 
is 65-80 |j in length and may have been formed by an apical cell with two 
cutting faces (fig. 2, A-G). Sometimes there are irregularities in the develop- 
mental pattern, such as the occurrence of one broad basal cell instead of the 
usual two (fig. 2, A), or a failure of one or two cells of the pairs to develop so 
that an irregular filament is formed (fig. 2, C and P), or occasionally the 
formation of additional cells so that the filament is more than two cells wide 
in places (fig. 2, G). The development of this eight-celled filament usually 
takes place within the granular exospore wall, which becomes stretched to 
many times its original size. The markings are present to a greater or lesser 
degree on all of the protonemata. However, there w^ere a number of examples 
in which much of this wall had been shed and remained at the base of the 
filament (fig. 2, A and B). The markings were present even on these. 

Growth of this linear body ceases when the eight-celled stage is reached 
and growth of the leafy shoot at right angles to the protonema is initiated 
through the activities of a new apical cell. It develops either at the tip of the 

s The mature plants belong to that complex of forms more or less interme^ate in 
character between typical 8, sqnamata and 8, Kunzeana, which is so often to be met with 
in Central America. The collection was made by Dodge k Goerger, No. 990Z,nTi Costa Rica 
and is in the Missouri Botanical Garden. 
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Fio. 1. Lopholcjeunea Sagraeana, lA. Early stage of spore germination showing the 
divisions within the spore, the first leaf, and a portion of the stem, x 300. IB. A spore- 
ling with three primary leaves and a juvenile leaf ; dorsal view, x 300. 1C. The same, 

showing the first underleaf (X) and the sac-like juvenile leaf in more detail; ventral 
view. x300. ID. Another sporeling; dorsal view. x300. IE. A sporeling in which many 
cells have been formed within the exospore, x 300. IF. A mature leaf ; ventral view, x 30. 
Fig. 2. Stiotolejeunea Kumeana (f). 2A, B. Young protonemata with the discarded exo- 
spore. X 300. 2C. An irregularly formed protonema ; x 300. 2 D-F. Typical eight-celled 

protonemata showinjf the first cells of the leafy stem, x 300. 2 F-*G. Sporelings with 
protonemata and the three primary leaves, x 300. 2 H. A sporeling with remnants of the 
protopema, two primary leaves, and two sac-like juvenile leaves; ventral view. x300. 
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protonema (fig. 2, B~D, H), or on either side between the third and fourth 
cells (fig. 2, E-G), and we may assume that if not at the beginning, at least 
very soon it has three cutting faces. The first, second and third leaves are 
small, each progressively larger than the preceding, and plane (fig. 2, P~G), 
and in no way indicative of the mature leaf (fig. 2, 1). These are the primary 
leaves. One or more ocelli, so characteristic of the mature leaves and under- 
leaves, are produced in the largest of these leaves (fig. 2, 6). Very often at 
about this stage a rhizoid can be observed at the base of the leafy shoot. The 
fourth leaf formed is of a different sort and is a juvenile leaf typical for 
Lejeuneaceae. It is much larger than the preceding primary leaves and is 
definitely saccate, with the lobule nearly as large as the lobe. A sporeling 
with two such leaves is shown in figure 2 H. It is at about this stage of devel- 
opment that recognizable underleaves should also become noticeable but only 
one plant had reached this stage of development and the underleaf was not 
evident. Unfortunately none of the plants was large enough to show further 
stages in development. 

2b. A sporeling with a somewhat similar yet more elaborate protonemal 
phase was found among plants of Archilejeunea porelloides collected by 
Spruce in the Amazon Valley. It is not a sporeling of that genus. It seems 
to be of the same type which Goebel® has figured for an unknown South 
American species of the Lejeuneaceae. His plants had not yet developed the 
leafy stem. An eight-celled linear protonema identical with that described 
above for Stictolejeunea developes from or in, the spore, for the granular 
exospore markings are plainly visible. In addition there is a much larger 
plate of cells nearly twice as long as the basal portion and four cells wide, 
developed at the end. The leafy stem arises at the end of this body (fig. 3). 
The development of this leafy stem is also similar to that described above. 
The apical cell with three cutting faces cuts off two or three leaves of the 
primary type and after that a juvenile leaf of the Lejeuneaceae type. The 
next leaf on our specimen was a primary leaf. 

2c. GoebeU has also described and figured the developmental stages of 
the sporeling of Lejeunea cavifolia (a genus belonging to the Schizostipacy 
the section with divided underleaves). The mature thallus of this species is 
somewhat similar to that described for Stictolejeunea. Its development from 
the spore comes about in either of two ways. The spore elongates and divides 
and redivides, thus forming a four-celled germ tube, in the terminal cell of 

0 Qoebel, K. op. cit. 907. fig, 97£, 

T Qoebel, K. loc. cit.; and Flora 72; pi. 1, fig. IS, 1889. 


21. A mature leaf, x 30. Fig. 3. A sporeling of an undetermined South Americah ^cies 
of Lejeuneaceae, showing the eight-celled filamentous stage similar to that of Stioiole- 
jeunea, the longer and broader filament developed from it, and the youeg leafy stem. 
X 300. Fig. 4. A protonema of Lejeunea cavifolia, the leafy stem beginnhig to develop. 
(Fiff. 4 after Go6bel.) 
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which an apical cell with two cutting faces developes. This apical cell gives 
rise to the linear protonema two or three cells broad. Or, after the elongation 
of the spore and one division, the apical cell which is to form the protonema 
developes in one of the cells, while the other cell divides longitudinally. This 
type of protonema, which is also characterized by granular markings (fig. 3), 
differs from that of Stictolejeunea in that it is made up of more cells and 
is less regular in plan (compare fig. 2, A-C, with .fig. 4). Goebel concluded 
from his observations of this small linear protonema of L. cavi folia and the 
larger one of the undetermined South American Lejeuneaceae genus, that 
this general thalloid type was characteristic of all the Lejeuneaceae, an as- 
sumption which is incorrect in view of the pattern of development of tly 
sporeling of Lopholejeunea Sagraeana, It is of interest to note that the spore- 
lings of Radula also have a filamentous protonema. 

The discovery of several patterns of development among the sporelings 
of the various genera of the Lejeuneaceae gives rise to several questions of 
interest from the morphological as well as phylogenetic point of view. 

In the first place, should one call the massive many-celled structure which 
developes within the exospore wall in Pellia, Porella, Lepidolaena, Frullania, 
and Lopholejeunea a protonema? If so, is the fiat, linear structure, which 
also has evidence of exospore on the cells, produced by the spore of Stictole- 
jeunea and others, a protonema, and is it analogous or homologous with the 
initial stages in Lopholejeunea? Or are there two patterns of spope develop- 
ment, one without and the other with a protonema ? In comparing figures 2, 
D-H, with figure 3, should all of the thallus body of figure 3 be considered 
the protonema, since in this example an additional thallus structure occurs 
between the basal eight-celled thallus with exospore markings similar to that 
of Stictolejeunea and the leafy shoot? 

In the second place, are developmental patterns of sporelings of value 
in establishing ancient or recent relationships? 

Since we have so little information concerning the development of the 
sporelings in the Lejeuneaceae or, for that matter, in most of the families 
of leafy liverworts, discussions of relationships must be postponed. It would 
seem however, that such patterns of development, when assembled from a 
large number of genera, together with other pertinent facts, should con- 
tribute significant data. 

For the present we must limit ourselves to the conclusion that there are 
two, perhaps more, distinct patterns of spore germination within the family 
(even in one section, the Holostipae, with entire underleaves) . One type, not 
previously reported in this^ family, occurs in Lopholejeunea, and has also 
been described for Frullania and certain other genera, and could well be 
designated the Frullania type. The other one, in which a fiat, one-layered 
filament or thallus is produced includes several variations : 
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2a. the Stictolejeunea type, in which a small, regular, eight-celled 
linear filament four cells long and two cells wide, precedes the formation 
of the leafy shoot ; 

2b. another type, which must remain unnamed for the present, in 
which the Stictolejeunea type of protonema of eight cells gives rise to 
a broader and longer secondary thallus at the tip of which the leafy shoot 
is formed ; 

2c. and the Lejeunea type, in which a small, irregular, linear pro- 
tonema one cell thick, two and three cells broad, and more than four cells 
long precedes the formation of the leafy shoot. 

In the progressive development of the leafy stem three distinct phases are 
evident. In the earliest of these, few-celled, ovate, and plane primary leaves 
not accompanied by underleaves are formed. These are followed by larger, 
characteristically saccate, juvenile leaves in which the lobule and lobes are 
approximately the same size, and are typically associated with small, lanceo- 
late underleaves. These are soon followed by small leaves and underleaves 
of the adult pattern which, in the succeeding series formed, are increasingly 
larger until the mature size is reached. 

I wish to express my appreciation to Dr. A. W. Evans for his assistance 
in the interpretation of the material and for his helpful criticism; and to 
the Botany Department of Yale University where working facilities were 
provided. 

University op Cincinnati 

Cincinnati, Ohio 
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SYMMETRY STUDIES IN SAGINA 

V. Eugene Vivian^ 

Numerical variation in flower parts has been studied in a relatively small 
number of plant genera. The present work was undertaken to investigate 
certain tendencies of variation and reduction found in the family Caryo- 
phyllaceae. The genus best known from this standpoint is Stellaria, in which 
many trends have been shown. 

Sagina was chosen because one species, 8. procumhens L. possesses flowers 
characteristically in fours, although the other members of the genus nor- 
mally have the parts in fives. Data on the number of flower parts, inflo- 
rescence, and on the habits of growth of 8, procumhens have been assembled 
in the present investigation. 

REVIEW OF LITERATURE 

The genus 8agina (L.) was established by Linnaeus, containing 8, pro- 
cumhens, It has been confused from time to time with 8pergula and Arenaria, 
Both 8pergula and Arenaria normally have a full complement of petals, 
while 8agina has always been conspicuous for the absence of some or all of 
the petals. 

Eichler (1878), Pax (1889), and Warming (1904) discuss the stem 
and inflorescence in their treatment of the Caryophyllaceae. Wydler (1847, 
1851) and Wichura (1844, 1846) engaged in a lively controversy over the 
branching and phyllotaxy of the group, and established many facts con- 
cerning family characters. Schoute (1932a, 1932b, 1936, 1938) has discussed 
the decussation and whorl formation in the group in his treatment of the 
nature and development of opposite and whorled phyllotaxy. He looks upon 
whorl formation as a process occurring some time during the growth period, 
usually in the early stages. That opposite arrangement was of secondary 
origin was recognized by Church (1904) and Celakovsky (1875, 1902), 
though the contrary has been also maintained (see Sprague, 1925). 

The principles of phyllotaxy have remained unchanged for almost a 
century, and no theory of its intrinsic nature has met with any complete 
acceptance. The Fibonacci series of Schimper and Braun has not proven in- 
clusive of all phyllotactical patterns known and was attacked by Church 
(1904), who pointed out its inaccuracy in shoot apices where the divergence 
is commonly 180 degrees. Davies (1939), however, submitted data on Ailan- 
{hu8 to show that the ideal f divergence of 137.30' degrees is closely approx- 


1 The publication of the illustrations is assisted by a contribution from the author. 
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imated when the shoot is developed, although the divergence is i in the bud 
region. 

Although no special literature has been found dealing with Sagina, the 
genus, according to information in current manuals, has been conspicuous 
for variation in the number of petals. Since all other species possess flower 
parts in flves, and 8. procumbens has flower parts in fours, some variation in 
the other whorls might well be expected. 

Schoute (1932a) discusses some of the reasons advanced by authors to 
account for floral variation, and concludes in favor of the general theory 
of Eichler (1875) called “originare Variabilitat’’ to account for variation 
in plant families and plants with higher floral numbers. That vigorous plants 
and first-formed flowers tend toward variation may also be explained by 
this theory. 

Schoute also points out that Eichler ’s theory affords a plausible expla- 
nation of the foregoing facts, and criticizes the theory of “dedoublement’’ 
(Celakovsky), and other theories of abortion, fission and fusion. 

Matzke (1930a) investigated the variation of stamens of a single pure 
variety of Stellaria media, and confirmed the rule that age affects the num- 
ber of flower parts produced. The same author (1930b) found the floral 
numbers to be lower in variegated plants. By cutting off the flowers after 
anthesis, he found an increase in the number of stamens produced by sub- 
sequent flowers. 

In another paper, Matzke (1932) figured floral diagrams of 4652 flowers 
of Stellaria media neglecta var. typica. He found that stamens were lost at 
definite floral positions, and that symmerical patterns were more common. 
Reduction of flower parts in certain positions definitely limited the appear- 
ance of symmetrical patterns. 

The plants of Sagina have been characterized as low matted herbs with 
decussate leaves and glabrous stems and leaves. The inflorescence is cymose 
or a reduced stage of that type. Graebner (1919) speaks of the inflorescence 
as composed of “armbluthige Trugdolden.^^ The presence of terminal 
flowers in the genus is indicated by most authors : Eichler, Pax, Warming, 
Britton and Brown (1913), Robinson, and Fernald (1908), and Graebner. 
Eichler ’s figure labeled ‘‘Terminalbliithe^' is adopted by Pax (1889) in his 
treatment of the Caryophyllaceae in Engler and PrantPs Die natiirlichen 
Pflamenfamilien, and by Warming. Rydberg (1932) describes the genus in 
North America as having axillary flowers only. 

The floral formula given by Eichler is K4, C4, A4 or 8, and G4 for 8. 
procumbens. In his figure, Eichler shows 8 stamens for 8. proeumbe'fis. Pax 
includes a top view of a flower from Baillon’s work, which shows 8 stamens 
in obdiplostemonous arrangement. The American manuals concijr in assign- 
ing 4 stamens to 8. procumbens, and Hegi (1906) mentions 4 stamens for 
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the species, while Graebner describes a subgenus Saginella possessing 4 
stamens. 

In most of these manuals, 8. procumbens is described as a species with- 
out varieties, but Graebner recognizes 21 varieties and subvarieties plus 
one definite hybrid. The plants used in this investigation are 8. procumbens 
glaberrima praecox of Graebner. 





Figs. 1, 2. A typical cymose inflorescence and the uniparous scorpioid cyme derived 
from it. Figs. 3, 4. Branches of Sagina procumbens showing bud spirals and flower posi- 
tions discussed in the text. Figs. 5, 6. Phyllotactical diagrams of figures 3 and 4 re- 
spectively. 

THE STEM AND INFLORESCENCE 


The method of branching was observed throughout the investigation. 
Difficulty was experienced^ in studying the production of branches from 
the basal rosette. The cotyledonary node is quickly drawn to the surface 
of the soil, and, as more leaves are produced on the axis, the first leaves, 
being close to the substratum, decay rapidly. The decussate arrangement 
present in the young seedlings soon gives way to the rosette appearance. 
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SO that the true arrangement is obscured. Germination of seeds of other 
species of Sagina from New York Botanical Garden herbarium sheets was 
attempted. A few seeds of fif. occidentalis S. Wats, germinated. In these the 
primary axis appeared to branch in the same fashion as did the branches 
of 8, procumhens. 

Contrary to the habit of most Caryophyllaceae and some of the species 
of Sagina, the vegetative buds in the leaf axils were present in only one leaf 
axil of each pair of leaves (figs. 3, 4). These buds formed a spiral which 
ascended the stem in typical manner. Of 347 branches studied, 150 were 
left-hand spirals and 176 spiraled to the right, while 21 could not be deter- 
mined. These nearly equal totals are in essential agreement with results 
recorded by Matzke in Stellaria. Of more than 100 primary axes studied, 
most could not be determined, but 21 seemed to be in a right-hand spiral, 
and 9 in a left-hand spiral. Buds were seldom found in the first and second 
whorls, but usually were present at the higher nodes. Sometimes these lower 
nodes developed buds at a later date. 

The most interesting exception to the perfect continuance of the genetic 
spiral of buds was the position of the seemingly axially-placed flowers (fig. 4) . 
Here the spiral seems to be reversed in direction for one node, and then 
to continue in the original direction. The same characteristic appeared 
whenever flower buds were produced, no matter how many were produced 
on one axis. Only two of the stems studied did not show this feature. 
Figure 3 shows a branch with a single spiral of buds, while figure 4 is a 
branch whose bud spiral is seemingly interrupted by two flower buds. Figure 
5 is a phyllotactical diagram of figure 3, while figure 6 is a phyllotactical 
diagram of figure 4. The crosses mark the position of flower buds. Here the 
reversion of the spiral can easily be traced. 

This character obviously seems to be a function of the inflorescence. 
Since Warming describes the inflorescence of the Caryophyllaceae as a 
dichasium passing into a uniparous scorpioid cyme, it is well to interpret 
these observations in the light of that statement. All that needs to be shown 
is that this inflorescence is a reduced form of the dichasial inflorescence 

I 

type. Figure 1 is a diagram of a dichasium with the uniparous scorpioid 
cyme derived from it in figure 2. The small crosses in the leaf axils show 
the positions of missing branches. It is quite easy to see that the inflores- 
cence of figure 4 fits into the pattern of figure 2 on a somewhat more re- 
duced scale. Since every flower in figure 2 is a terminal flower, we must also 
consider those in figure 4 as terminal flowers. Then the main axis in figure 
4 must end in the flower at node 6, and the portion which grows further 
up is a branch from the axil of the right-hand leaf of node 6. The same 
reasoning would apply 40 the flower at node 8. In this way the difficulty 
about the spirals becomes obviated, and the flowers may be interpreted as 
terminal members of a reduced dichasium. 
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To check this supposition further, several hundred herbarium specimens 
of many species of Sagina were studied. Nearly 100 specimens of 8, pro- 
cumbens from America and Europe failed to reveal any inflorescence type 
different from that already described. Other species yielded similar results. 
Among these were 8, apetala, crassicaulis, elliotii, nivalis^ decumbens, de- 
ctimbens var. Smithii, ciliata^ glabra, maritima, occidentalis, Linnaei, and 
subulata, 8, nodosa appeared to have mostly axial flowers, but some speci- 
mens, especially f. laxa, in which stems and flower peduncles were long, 
showed typical cymose inflorescences. This species, 8 . nodosa, differs from 
the others by producing petals twice as long as the sepals, and in having 
shoot buds in the axils of both leaves at each node. This Jast fact coincides 
very well with the presence of dicliasia in this species. The specific name is 
derived from the nodular appearance of the shoot buds in the axils of each 
leaf pair. 

THE FLOWER 

A study was made of the floral organs and their positions, so that general 
symmetry patterns might be observed. Figures 9-72 show the different 
patterns found, and the frequencies of each. Those patterns which were 
mirror images along the vertical axis were kept together and counted as the 
same, but those images which mirrored along the horizontal axis were kept 
separate (e.g., figures 33, 34). (The vertical axis is a line running from posi- 
tion 1 to position 5 in figures 7 and 8 ; the horizontal axis is a line running 
from position 3 to position 7 in figures 7 and 8.) 

The typical flower of the species is figure 27, which has parts in fours 
with tw’o outer and two inner sepals easily distinguished. Of 325 flowers 
recorded, only one had five sepals (fig. 72), and only one had three sepals 
(fig. 71). The sepal number appears to be fairly constant. A consistent rela- 
tion was found between the main axis and the sepals of the axially-appearing 
flowers, since one of the inner sepals was observed always adjacent to the 
main axis. With this in mind, an orientation diagram w^as constructed in 
order to fix floral positions. Beginning with the axis and numbering Counter- 

Explanation of figures 7-30 

Floral diagrams of Sagina procumbens. Figures 7 and 8 are orientation diagrams 
showing subtending leaves, the axis, and with possible floral positions numbered. The 
frequency of occurrence of each flower type is given in parenthesis with each diagram. 
Diagrams are arranged in decreasing order of stamen and petal number. 


Number 


Number 


of petals 


of stamens 


5 

.. Figs. 9,12,25,26 

7 

.. Figs. 9-11 

4 

10, 13, 15, 16, 27, 28 

6 

12-14 

3 

11, 14, 17, 18, 29, 30 

5 

15-24 

2 

19 

4 

25—30 

1 

20-23 



0 

24 
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clockwise, the eight possible floral positions were numbered (fig. 7). Since 
there is no spiral imbrication of the sepals, the direction of the numbering is 
purely arbitrary. Figure 8 is included as the clockwise numbering of the 
diagram, although results in table 1 are based on figure 7 as a reference. The 
diagrams differ from that of Eichler in that four stamens were found to be 
typical, rather than eight, and in that the innermost bracts are on the verti- 
cal axis rather than the horizontal axis. Figures 7 and 8 show the main axis 
and the leaves subtending the flower; only the axis is represented in the 
other figures. Flowers shown in figures 66-70 seemed terminal and so there 
is no axis shown, but the leaves subtending them are included. 

Results in table 1 in the petal section show that considerable numbers of 
petals disappeared from all of the normal petal positions as seen in figure 27. 
It can be seen from the data here presented that the possession or loss of 
petals was by no means confined to any one position. Flowers were found 
with any or all of the petals missing. The range w^as zero to five petals (figs. 
9, 10, 11, 19, 20, 48). It is possible that because of the small size of the petals, 
their positions are not strongly affected by spatial relations, nutrition, or 
balance. Loss of petals may therefore be explained on the basis of Eichler ’s 
‘^originiire Variabilitat.’’ 

Since positions 1, 3, 5, and 7 are not normal petal positions as shown in 
figure 27, they are listed in the places where petals might be added (table 1). 
Since five petals was the highest number found, not more than one petal 
w’as ever added to a single flower. Since there were only seven flowers wdth 
flve petals, no position could be designated as that to which petals are con- 
spicuously added (figs. 9, 12, 25, 26). Six of these flowers were of larger size 
than usual, and were produced on fewer-flowered plants. Such flowers might 
have more ‘‘available space’’ and thus might more conceivably produce 
higher petal numbers. 

The number of stamens was also found to have considerable variation but 
along regular tendencies. Staminal numbers ranged from seven to zero 
(table 1). It is clearly indicated that only flowers writh three or four stamens 
were frequent in appearance, since flowers with other staminal numbers 
formed only 7.7 per cent of the total. That the stamens are usually lost from 
a definite position in the flower is shown by table 1 (stamen section). Of all 
the stamens missing, 88.7 per cent were dropped from position 1. Of 131 


Number 
of petals 

4 

3 

2 

1 

0 


Explanation of figures 31-54 

Floral diagrams of Sagina procvmhetis. 


Number 
of stamens 

Figs. 38,39,50,51 4 Figs. 31-37 

40,41,52 3 38-49 

31-35,42-45,53 2 50-54* 

36, 37, 46, 47, 54 
48, 49 
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three-stamened flowers, 127 lost their stamen from position 1 (96.9 per cent). 
As can be seen, this is a position opposite one of the inner sepals. The re- 
maining three-stamened flowers except that shown in figure 65 lost a stamen 
from position 5, which is also opposite one of the inner sepals. Since there is 
obviously less space on these radii, and probably in position 1 which is 
crowded against the axis, there appears to be good correlation with Hof- 
meister’s theory of available space. 


TABLE 1. Frequency of flower parts in 8, procumhens with reference to the posi- 
tions of the flower from which they are gained or lost 


Number of parts 

Flowers with 
parts missing 

Flowers with 
garts added 

Number 

Frequency 

pSn 

Floral 

position 

Frequency 

Sepals 

5 

1 

1 

1 

2 

0 

4 

323 

3 

0 

4 

0 

3 

1 

5 

0 

6 

1 



7 

0 

8 

0 

Petals 

5 

7 

2 

72 

1 

0 

4 

167 

4 

57 

3 

3 

3 

70 

6 

69 

5 

4 

2 

48 

8 

77 - 

7 

0 

1 

23 





0 

10 





Stamens® 

7 

3 

1 

134 

2 

8 

6 

3 

3 

3 

4 

4 

5 

11 

5 

9 

6 

11 

4 

169 

7 

5 

8 

4 

3 

131 





2 

6 





1 

1 





0 

1 





Styles 

5 

8 

2 

0 

1 

0 

4 

316 

4 

0 

3 

1 

3 

1 

6 

0 

5 

5 



8 

1 

7 

2 


» Figure 32 makes an apparent discrepancy in the frequency totals here. 


Of six flowers with two stamens, five have stamens symmetrically placed 
(figs. 50-54) . There are too few such flowers to permit the drawing of definite 
conclusions, although they are predominantly symmetrical. Single instances 
of stamenless and one-stamened flowers were observed (figs. 55, 56). 
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Floral diagrams of 


Number 
of petals 


4 Figs. 55, 57-59, 65, 66, 72 

3 60 

2 61-63, 67, 68 

1 64 

0 56,69-71 



Sagina procumbens. 

Number 
of stamens 


4 Figs. 57, 58, 61, 66-72 

3 59,60,62-65 

2 

1 55 

0 56 
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Reference to table 1 shows that the extra stamens were not added in any 
regular manner to the epipetalous radii. Since five-stamened flowers were 
produced mostly during early flowering, when flowers are largest, an increase 
in staminal number might well be expected. 

Of 325 flowers, all had four styles except eight which had five styles, and 
one which had three styles. The extra styles are seen to occur in positions 
3, 5, and 7, with most of them in position 5, which is opposite the inner sepal 
on the side away from the axis. It will be noted that all the styles were added 
to the outer or anterior side of the flower, which is away from the axis, a posi- 
tion which could possibly have more ‘‘available space (figs. 57-64). 

DISCUSSION AND INTERPRETATION OF RESULTS 

V 

Reasons have already been advanced for the occurrence of apparently 
axial flowers in 8. procumiens, and for the loss of petals from all petalous 
radii. Stamens, however, were lost with definite regularity from position 1. 
This is the sepalous radius which is adjacent to the axis, so that it is very 
possible that such a radius would be decreased in area by crowding and 
pressure of the axis during the developmental stages. As was pointed out, 
this would agree with Hofmeister’s theory of available space. In Stellaria 
also, Matzke found stamens lost from more crowded radii. 

Floral reduction is one of the most outstaudiug features of the Caryo- 
phyllaceae, and of the genera Sagina and Stellaria in particular, ^his is ex- 
pressed in a decreasing series of floral numbers. Other factors are also of 
importance at least in the two genera mentioned. If symmetry, involving 
architectural balance in the flower, were the major factor in determining 
floral numbers, a two-stamened flower should be the next most frequent 
after the four-stamened one, rather than the three-stamened pattern which 
appeared as a second major type (in the genus Sagina) . 

Matzke reported nine-stamened flowers mo.st frequent after ten-stamened 
ones in his study of Stellaria. On the basis merely of reduction involving 
radial symmetry, the five-stamened flower or possibly an eight-stamened form 
should have been next most frequent after the ten-stamened type. Both of 
these were abundantly produced. Clearly the same condition obtains in 
both genera. It would be difficult to conceive of a ten-stamened flower pro- 
gressing to the five-stamened stage in a single step. Thus symmetry relation^ 
ships seem significant in the orientation of flower parts in Stellaria and 
Sagina. 

By virtue of its extreme reduction in floral numbers and in the condensa- 
tion of its primary axis, budding and inflorescence, 8. procumbens appears to 
be the most reduced species in the genus Sagina, while S. nodosa appears 
least reduced. 
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SUMMARY AND CONCLUSIONS 

1. The inflorescence of Sagina shows marked reduction in the cymose 
type of inflorescence. 

2. 8. nodosa appears to be the least reduced species of the genus, and 8, 
procumbens appears most reduced. 

3. The loss of petals in 8. procumbens follows no definite order, but 
rather conforms to Eichler’s theory of simple variation. 

4. Four is the common stamen number in 8, procumbens, and not eight 
as Eichler’s diagram might lead one to suspect. 

5. The loss of stamens in 8. procumbens is largely from one definite 
position and conforms with interpretations of reduction and of Hofmeister’s 
theory of available space. 

6. That the factor of age influences the number of floral parts, as found 
by older authors, is also true in 8. procumbens, 

7. These tendencies in reduction are in essential agreement with similar 
expressions in the related genus, 8tellaria. 

I wish to thank Dr. E. B. Matzke for his guidance and help in furthering 
this investigation. 
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THE ESTABLISHMENT OF A WHITE BIRCH COMMUNITY 
ON CUTOVER PULPWOOD LAND IN 
NORTHWESTERN MAINE 

Henry J. Oosting and John P. Reed 

Although short-lived, slow growing, and definitely a temporary species, 
white birch (Betula papyri f era Marsh. is economically a very important 
component of the second-growth forest of northwestern Maine. In this 
region white birch was first exploited appreciably as a timber tree about 
1880. The wood was used almost exclusively for spools, shoe pegs, shoe 
shanks, toothpicks, dowels, and miscellaneous wood turnings until shortly 
after 1910, when increased demands for these articles brought about the use 
of other hardwoods as substitutes. The available supply of white birch in 
Maine has dwindled appreciably since about 1930, because of the continued 
demand for its use in turnings and manufactured wood products as well as 
its use for pulpwood. Until recently cutting of white birch in western Maine 
has been haphazard and with little or no concern for the future. The rapid 
depletion of merchantable stands of this valuable species has emphasized the 
desirability of applying silvicultural practices which may assure a continued 
source of supply. To this end, intensive studies of the white birch community 
are necessary and ecological studies may contribute materially. 

Fire has long been known to be the agent primarily responsible for the 
establishment of the white birch-aspen type in the Northeast. This forest 
type is practically restricted to burned-over areas (Dana 1909, 1930). With 
the increased protection against fire of recent years, the type is more limited 
in area than formerly. Since it would not now seem plausible to assume that 
fire should be used to promote the development of the birch-aspen type, and 
thus assure a supply of white birch, it follows that the future supply of white 
birch will be derived from its present natural reproduction on cutover pulp- 
wood lands where it now’ occurs as a component of types of communities 
other than birch-aspen. 

Dana (1909, 1930) summarized the occurrence of white birch on un- 
burned areas in the Northeast in the following communities: (1) in pure 
stand; (2) in northern w^hite cedar {Thuja occidentalis) communities of the 
flat, wet areas in the valleys ; (3) in admixture with red spruce {Picea rubens 
Sarg.) and balsam fir {Abies balsamea) at the higher elevations in thfe moun- 
tains; and (4) with other hardwoods; namely, yellow birch {Beiula lutea)^ 
sugar maple {Acer saccharum), and beech {Fayus grandif olid) ^Westveld 


1 Nomenclature is that of Gray's Manual, 7th Ed., unless authorities are given. 
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(1930b, 1931) further described the yellow birch-spruce subtype of the 
spruce-hardwood type in which yellow birch, red maple {Acer rubrum), 
and white birch grow in association with red spruce and balsam fir. 

Although as early as 1905, there was some use made of maple, beech and 
birch in the manufacture of pulp (Hale 1906), it was much later in north- 
western Maine that the demand for hardwoods in the pulp industry brought 
about clear-cutting of the mixed spruce-hardwood forests. As late as 1931 
studies on the regeneration of forests on cutover lands refer exclusively to 
balsam fir and spruce as the pulpwoods (Westveld 1930a, 1930b, 1931). Thus 
it is that for approximately the past ten years only have extensive areas of 
mixed spruce-hardwood forests been clear-cut for pulpwood. These cutovel* 
areas are now being reoccupied by a young forest, the exact nature of which 
can only be well known after concentrated studies, preferably phytosocio- 
logical, have been made locally of the developing communities. 

Locally, white birch may appear as the major dominant in these young 
stands which are then probably to be classified as a phase of the “yellow- 
birch subtype’’ of the mixed spruce-hardwood forest. The potential economic 
importance of the community makes it highly desirable that its character- 
istics be studied and recorded. 

To learn the nature of the community in which white birch is now reap- 
pearing on cutover pulpwood lands, a stand with white birch reproduction 
ten years of age was selected for study (summer, 1940) from a krge area 
which had been subjected to a clean cut for pulpwood in the summer of 1930. 
This stand was located on Lot 11, Range 17, Byron, Oxford County, Maine. 
A 54-60-year-old stand, believed to be typical of those in which white birch 
is a dominant species in the yellow-birch subtype, was also selected for 
study. The sites of the two stands were comparable. The older stand was on 
Lot 6, Range 13, Byron, Oxford County, Maine. The origin of this 54-60- 
year-old stand is obscure, although it seems not to have been due to fire. 
Aspens were relatively unimportant in the community, and hardwoods and 
softwoods were of nearly the same age, both conditions atypical of a stand 
which immediately follows fire. 

At the present time it is not possible to work out a complete birch-domi- 
nated successional series on clear-cut areas formerly occupied by the mixed 
spruce-hardwood type, for only occasionally on very small areas was the 
mixed forest cut clear prior to 1930, circa. On these restricted areas, as else- 
where, birch dominance is only local so that representative stands are com- 
monly too small for ecological analysis. Other reasons such as obscure his- 
tory or selective cutting eliminated all intermediate-aged stands observed in 
the Byron region. Thus it is possible now to record only the beginning of 
succession and to predict the trend of future changes on the basis of a 
mature undisturbed stand. 
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METHODS* 

After the limits of each white birch community had been determined by 
a preliminary cruise, a series of ten sets of quadrats was laid out. Following 
a compass the sets were spaced at 10-meter intervals throughout the longest 
diameter of the community. Each set of quadrats consisted of a nest of three 
quadrats, the largest size being 10 by 10 meters on a side, with the smaller 
sizes (four by four meters, and one square meter) superimposed in one 
corner. On the largest plot, counts and diameters were obtained for all the 
woody individuals over one inch d.b.h.,^ or over ten feet tall. Records for 
over- and under-story were kept separate. Shrubs and woody reproduction 
under one inch d.b.h., or less than 10 feet high, were counted on the four-by- 
four-meter plots and records were kept separately of the individuals less 
than one foot high and more than one foot high. Thus four woody strata 
were distinguished (overstory, understory, transgressives, seedlings) in the 
mature stand but only three in the young stand where no understory had 
yet developed. Herbs were listed on the one-square-meter quadrats and their 
coverage estimated. Prom these data it was possible to derive intimate knowl- 
edge of each stratum, including density and frequency of all woody plants 
as well as the basal area of the dominant trees in both stands and the secon- 
dary trees in the mature stand. The freipiency and average coverage of the 
herbaceous plants were also determined. 

In the young stand the stumps of the trees which formed the preceding 
community were in a fair state of preservation and their identity was easily 
determined. These stumps were counted and their distribution noted, so that 
it was possible to determine with a fair degree of accuracy the type of forest 
which previously occupied the area. 

RESULTS 

The nature of the stand which was clean cut for pulpwood in 1930. 

The nature of the community which preceded the establishment of the ten- 
year-old white birch community used in this study was determined by analy- 
sis of the stumps encountered on the ten-by-ten-meter plots in the young 
stand. The results of this study are presented in table 1. 

It appears that the original stand, prior to cutting, was a mixed spruce- 
hardwood community with a relatively large proportion of red spruce. Of 
the 71 stumps encountered on the ten plots forty-eight (67.6 per cent) were 
red spruce and eighteen (25.4 per cent) were of the hardwood species indi- 
cated in table 1. Five balsam fir stumps were encountered, representing 7.1 
per cent of the total number. White birch trees made up only 9.8 per cent of 


2 Modified after the method used by Costing and Billings (1939). 

3 d.b.h. = diameter breast high. 
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TABLE 1 


Frequency and density of the stumps remaining from the stand which previously occu- 
pied the area upon which a ten-year-old stand of white hirch is now established. Based on 
ten 10 X 10-meter plots 


Species 

Frequency 

Density 


Picea rubens 

100 

4.8 


Betula papyrifera 

50 

0.7 


Betula lutea 

30 

0.6 


Acer rubrtim^ and Acer saccharum 

30 

0.5 


Abies balsamea 

30 

0.5 



» Impossible to separate these species in the present state of preservation of th« 
stumps. 


the original stand and were irregularly distributed (frequency 50 per cent). 
These figures may be significant nevertheless. Factors such as seed year, 
germination, and early growing conditions may all serve selectively to deter- 
mine what species become established on denuded forest land. But the rela- 
tively low values for white birch suggest a low minimum of parent trees 



Fig. 1. Phytographs for the dominant tree species of the young white birch stand*. 
Badius 1, Percentage of total dominant abundance. Radius Percentage frequency. 
Radius S, Percentage of total size classes represented. Radius 4, Percentage of total domi- 
nant basal area. In these phytographs the inner end of each radius represents the absence of 
its assigned sociological characteristic. All phytographs based on ten 10 x 10-meter plots. 
Abbreviations: BP — Betula papyriferOf PP — Frunus pennsylvanica, BL — Betula lutea, 
AH — Acer rub rum, AB — Abies balsamea, PR — Picea rubens, PT — Populus tremuloides, 
FG — Fagus grandifolia, AS — Acer spicatum, ASae — Acer saccharum, AC — Amelanchier 
canadensis, BPop — Betula populi folia, AP — Acer pennsylvanicum. 
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necessary for the establishment of a birch-dominated stand after clear 
cutting. 

The young white birch stand in the mixed spruce-hardwood forest. 

The young forest which followed the clear-cut of 1930 was studied in August, 
1940. At this season of the year the aestival aspect of the lesser vegetation 
predominated. Identification of the immature, autumnal-flowering plants 
was possible, but it is probable that some of the more ephemeral spring- 
flowering plants had withered beyond recognition. 

TABLE 2 

Densities and frequencies of tree species by height classes for a birch dominated 
stand 10 years after clear cutting of mixed spruce-hardwood and a 60-year-old undisturbed 
stand of unicnown origin 



10 -yr. stand 

60-yr. stand 

over 

10 ft. 

1-10 

feet 

under 

1ft. 

over- 

story 

under- 

story 

. 1-10 
feet 

under 

1ft. 

Bet ilia papyrifera d 

37.8 

40.0* 

3.1 

6.0 

0.3 



f 

90 

100 

20 

100 

20 



Prunus pennsylvanica d 

12.7 

21.9 





0.2 



.... 

f 

100 

80 



20 



Betula lutea d 

10.8 

13.1 

3.8 

0.1 

0.3 

5.0 

45.0 

f 

100 

50 

30 

10 

20 

60 

100 

Acer rubrum d 

6.6 

5.6 

4.4 

0.8 

2.4 

81.3 

395.0 

f 

100 

60 

40 

50 

80 

90 

100 

Abies balsa mea d 

6.0 

78.1 

11.3 

0.5 

3.2 

42.5 

112.5 

f 

100 

70 

60 

40 

100 

100 

100 

Picea rubens d 

3.2 

25.6 

1.9 

1.2 

3.5 

2.5 

6.3 

f 

80 

80 

20 

50 

100 

30 i 

30 

Populus tremuloides d 

2.5 

1.3 



0.4 



4.4 

2.5 

f 

50 

20 


20 


40 

30 

Fagus grandi folia d 

1.2 

1.9 



0.4 

0.3 

8.8 

3.8 

f 

40 

30 


10 

30 

80 

30 

Acer pennsiflvanicum d 

1.0 




0.2 


33.8 

33.1 

f 

30 



10 


100 

100 

Betula populifolia d 

0.8 










f 

20 







A cer spicatum d 

0.2 

1.9 


0.2 

0.1 

2.5 

6.3 

f 

20 

10 


10 

10 

20 

40 

Acer saccharum d 

0,2 

1.9 

13.6 

0.2 

3.1 

80.0 

77.5 

f 

10 

20 

40 

20 

70 

100 

90 

Amelanchier canadensis d 

0.1 




0.1 

1.2 




f 

10 



10 

50 



Sorbus americana d 


0.6 






... 

f 


10 






Salix sp. d 


0.6 







f 


10 






Populus grandidentata d 




0.5 

0.1 




f 




20 

10 



Fraxinus americana d 






0.2 



f 





10 

t 


Prunus serotina d 







1.3 



f 






10 



• Transgressive and seedling counts made on 4 x 4-m. plots have been raised to 
10 X 10*m. basis for better comparison with numbers in larger height classes. 
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Dominant tree species were considered to be all those comprising the 
canopy (table 2). These included a miscellaneous series of thirteen species 
all represented by individuals from 10 to 15 feet tall. White birch, pin cherry 
{Prunus pennsylvanica) y yellow birch, and aspen (Popultis tremuloides) 
were consistently the tallest trees on the area, although they did not so 
markedly overtop the other species as to form an upper and lower division 
of the canopy. 

White birch was clearly the most important species in the stand (fig. 1) 
as indicated by its density (average number of trees per quadrat) of 37.8, 
which is about three times that of pin cherry or of yellow birch with the next 
highest values. On the basis of transgressives and seedlings as well as tree 
counts four species other than white birch should be mentioned as important 
in the stand. Yellow birch, red maple, balsam fir, and red spruce all were 
well represented in all height classes and of these species only spruce had 
a frequency of less than 100 per cent in the canopy. Other species numbered 
among the dominants all appeared with relatively low frequencies and were 
all represented by density values of less than one-half the average density of 
all dominant species in the stand, i.e., 6.3. 

The total basal area of all the dominants per 100 square meters averaged 
9.81 square feet and the average per species was 0.76 square feet. Those spe- 
cies which had the highest densities likewise contributed the most to basal 
area, for all equalled or exceeded the species average: white bii;ch, 3.76 
sq. ft.; pin cherry, 1.7 sq. ft.; yellow birch, 0:79 sq. ft.; and red maple, 
0.75 sq. ft. 

Phytographs of the dominant species (fig. 1) serve to emphasize further 
the relative importance of the species at the time of sampling. The first six 
were obviously much more abundant, more uniformly distributed, and had 
a greater basal area than the last seven. In addition they were all represented 
in at least one more size class, which suggests that, for a time at least, they 
will continue to dominate the stand. Two possibilities may account for future 
changes in the relationships of the species with fewer size classes. If they are 
slow growing and shade tolerant (e.g., Acer sacchanm)y they will eventually 
become more and more important and predominate in all strata. If they are 
intolerant (e.g., Betula populifolia) they have already reached their peak 
possibilities and will soon disappear or at least not be replaced. 

Pin cherry was an important competitor with white birch during the 
early development of this stand. The more slowly growing hardwoods, 
namely yellow birch, red maple, beech, and sugar maple, were definitely of 
less importance than birch during the first ten years of development. Spruce 
and balsam fir were both important species, apparently making regular and 
appreciable growth in competition with the surrounding hardwoods. 

Twelve tree species which occupied a secondary or transgressive position 
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in the community had an average density of 17.3. Balsam fir, white birch, 
red spruce, and pin cherry were the only species represented in numbers 
exceeding the average for all species and with frequencies of 70 per cent or 
more. Thus it is clear that spruce and fir were well established in the stand. 
All important species of the dominant stratum were present in greater num- 
bers in the subordinate size class except red maple. This is clearly the result 
of seeding over a period of several years after clear cutting, during which 



Fio. 2. Phytographs for the dominant tree species of the 54-60 year old white birch 
stand. Radii as in figure 1. Abbreviations: BP — Betula papyrifera, AR — Acer rubrum, 
AB — Abies balsameay ASa — Acer saccharum, PR — Picea rubens, FG—Fagus grandifolia, 
AP — Acer pennsylvanicum, BL — Betula lutea, AS — Acer spicatum, PT — Populus iremu- 
loides, AC — Amelanchicr canadensis, PQ — Populus grandidentata. 


time a wide variety of species have almost equal opportunity to become 
established. After a canopy develops, as in this stand, many of these over- 
topped individuals should be eliminated and it would be expected that the 
numbers of shade intolerant species would decline rapidly. On the* qther 
hand, species which are* tolerant should continue to reproduce and, there- 
fore, form an incfteasingly larger percentage of the lesser size classes. 

The numbers and distribution of seedlings (less than 1 ft.) become of 
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interest then in suggesting the changes to be expected in stand composition. 
Only six species were represented in this size class. Sugar maple and balsam 
fir made up more than one-half of the total count and were present with a 
relatively high frequency. Their future importance in the stand was thus 
assured. The low values for white and yellow birch suggest their future 
diminished importance in the stand and this may also be true for red spruce. 
Bed maple values however suggest its permanency with only slight decreases 
in numbers. 

The complete absence of seedlings of several species must be interpreted. 
With no reproduction to replace the short-lived dominants, pin cherry must 
soon disappear from the stand. Aspen is somewhat in the same category bul# 
not as certainly. Beech and mountain maple are shade-toleyant and slow- 
growing. Both have low mortalities, once established, and therefore an 
occasional good seed year is sufficient to maintain their presence in signifi- 
cant although never predominating numbers. 

Among the shrubs (table 3) the wild raspberry (Ruhtis idaeus var. 
aculeatissimns) was so important in this young stand as to form a dense 


TABLE .3 

Density and frequency of shrubs in a 10-year and a 60-year birch dominated stand 



10-yr. 

stand 

60-yr 

stand 


D 

F 

D 

' F 

Bubus allegheniensis 

10.6 

10 

0.6 

10 

Corylus rostrata 

5.6 

20 

0.6 

10 

Bibes prostratum 

,3.8 

20 



Viburnum alnifolium v- 

1.3 

20 

0.6 

10 

Sambucus racemosa 

0.6 

10 



Bubus idaeus var. aculeatissimus 

Cornus alternifolia 

43%a 

90 

5.0 

20 

Vaccinium pennsylvanicum 



28.8 

30 


« Average estimated cover as determined on ten plots. Densities determined on 
4 X 4-m. plots have been raised to 10 x 10-m. basis. 


cover (43 per cent) over much of the lesser vegetation. Since its growth form 
is such that it sprawls over every adjacent unoccupied space, it was con- 
sidered more significant to record the area covered by the species than to 
make a count of the individual stems on the plots. Other shrubs most charac-,. 
teristic of this young stand were: the beaked hazelnut (Corylus rostrata ) ; 
the blackberry (Bubus allegheniensis) ; and the skunk currant (Bibes pro- 
stratum), The shrubs other than raspberry seem relatively unimportant in 
a stand of this age, as is indicated by the rather low value of 21.9 which 
rcipresents the combined total density of all shrubs encountered per 100 
square meters, raspberry excluded. 

The frequency and coverage of the herbaceous vegetation under the ten- 
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year-old white birch stand appear in table 4. Cornus canadensis, Aspidium 
spinulosum var. intermedium, Maianthemum canadense, and Viola rotundi- 
folia were the most widely distributed species with the greatest cover within 
the community. Only eleven herbaceous species were encountered on the 
plots, of which five were limited to a single plot. It is possible that the rela- 
tively dense shade under the abundant red raspberry cover of the shrub 
layer is an important factor in the explanation of this limited herbaceous 
population. 

TABLE 4 

Cover and frequency of herbs in a 10-year and 60-year birch dominated stand 


- 

lO-year 

60 -year 

per cent 
cover 

F 

per cent 
cover 

. p 

Cornus canadensis .. 

20.5 

60 

1.5 

10 

Aspidi/um spinulosum var. intermedium 

5.5 

40 



Maianthemum canadense 

2.1 

40 

4.2 

70 

Viola rotundifolia 

2.0 

40 

.. .. 

... . 

Osmunda claytoniana 

1.5 

10 



Carex debilis var. rudqei 

1.1 

20 



Trientalis americana 

0.7 

30 

2.5 

40 

Aralia nudicaulis 

0.5 

10 

1.0 

10 

Coptis trifoliata 

0.5 

10 



Odkesia sessilifolia 

0.5 

10 




Lycopodium clavatum 

0.1 

10 


.. 

Pteris aquilina 



8.5 

40 

Lycopodium obscurum 



2.0 

10 

Pyrola americana 




0.2 

20 

Lycopodium complanatum 



0.2 

20 

Frag aria virqiniana 



0.2 

20 

Gaultheria procumbens 



0.1 

10 

Aster infirm us 



0.1 

10 

Chimaphila umbellata 



0.1 

10 

Clintonia borealis 




0.1 

10 


The herbaceous vegetation is more nearly comparable to that of the 
Cornus-Maianthemum forest type of the Adirondacks (Heimburger 1934) 
than to any other type described in eastern North America. It differs from 
the typical Cotmus-Maianthemum type in several of the associated species; 
notably, in that Daliharda repens, Clintonia borealis, and Pteris aquilina 
were not found to be present here, and in that Aspidium spinulosum var. 
intermedium and Viola rotundifolia were of such importance. Perhaps this 
is limited information upon which to designate a forest typje by comparison 
with those described in a similar province but the necessity for an intensive 
study of forest types in Maine is indicated before direct use of Oajahder’s 
(1926) forest-type method can be made. 

The older white birch stand in the mixed spruce-hardwood fbrest. The 
older forest, dominated by white birch (fig. 2), was studied a few days after 
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completion of the field work in the young forest, already described, so the 
seasonal aspect of the vegetation in the two communities is comparable. 

Phytographs of the dominant tree species in this stand are presented in 
figure 2. The white birch, 54-60 years of age, was near the peak of its 
marketable growth, according to the data presented by Dana (1930) for the 
development of merchantable volume of white birch in Maine. 

The important role of white birch in this stand is indicated by the phyto- 
graphs of figure 2. Its density was 6.0 as compared with 0.82, the average 
density for all dominants in the stand. Red spruce, density 1.2, and red 
maple, density 0.8, were the only other dominant species whose density 
values approached the average density of all dominants. The average basak 
area per 100 square meters of all dominants in this community was 2.52 
square feet, and the total basal area of all dominants per 100 square meters 
was 27.74 square feet. The basal areas per 100 square meters of those species 
showing the greatest density values were: 17.24 square feet for white birch, 
3.08 square feet for red spruce, and 1.42 square feet for red maple. Balsam 
fir had an average basal area per 100 square meters of 1.72 square feet and 
Populus grandidentata an average of 2.04 square feet, these being the only 
additional species in the stand approaching the average basal area for all 
dominants. 

Secondary trees (table 2) included all species of the overstory except 
Populus iremuloides and only two additional species, Primus penn^ylvayiica 
and Fraxinus americana. Individuals of a species were invariably smaller in 
the understory and occurred there with different densities than in the over- 
story. Yet their proportions in the subordinate stratum as well as their dis- 
tribution were such that phytographs, constructed for ten species present 
in both strata, were so remarkably similar in form to those of the overstory 
that their reproduction is not justifiable. It is sufficient to indicate that the 
major species were represented in the understory by individuals with socio- 
logical values having the same relative proportions in this stratum as in the 
overstory. Of the important trees only white birch was an exception. Its 
maturity, impending decadence, and eventual elimination were strongly 
indicated. Its density was only 5 per cent of that in the overstory, its fre- 
quency only 20 per cent and its basal area well below the average for all 
species. Since all reproduction had ceased (no seedlings or transgressives,^ 
table 2) its eventual disappearance from the stand was obvious whether cut 
or not. 

The average density of all twelve species in this stratum was 1.24. In the 
order of their importance the species of the secondary layer were : red spruce, 
density 3.5 ; balsam fir, density 3.2 ; sugar maple, density 3.1 ; and red maple, 
density 2.4. The average basal area per 100 square meters of all the secondary 
trees was 0.67 square feet, and the total basal area per 100 square meters of 
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all species was 8.06 square feet. Five species surpassed the average of all 
secondary trees in respect to their average basal area per 100 square meters ; 
they were: red spruce, 4.17 square feet; balsam fir, 1.72 square feet; beech, 
1.05 square feet; sugar maple, 0.79 square feet; and red maple, 0.70 square 
feet. 

The frequency and density of the tree species of transgressive size, over 
one foot and less than ten feet in height, appear in table 2. Their average 
density was 26.19. Red maple and sugar maple were the most important 
hardwood species in this size class. No white birch was present. Balsam fir 
was much more abundant and more evenly dispersed throughout the stand 
than red spruce. Striped maple, a small tree of little econwnic or sociological 
value was abundantly represented. 

The average density of all tree seedlings was 75.8. Seedlings of red 
maple, balsam fir, and sugar maple were by far the most abundant and uni- 
formly dispersed just as in the transgressive stratum. The densities of 
Betula lutea and Acer pennsylvanicum were sufficiently high, however, to 
assure, with 100 per cent frequency, their permanence in the community if 
their survival continued as indicated by their values in older strata. 

This community supported only a meager shrub population (table 3), 
both in number of species (5) and in their dispersion throughout the stand. 
The blueberry (Vaecinium pennsylvanicum) appeared most frequently and 
with the greatest density. It is of interest that three species (blackberry, 
hazelnut, hobblebush) present in the young stand were here also although 
in reduced numbers. 

A total of thirteen herbaceous species (table 4) were encountered on the 
area, of which only three species were found on more than two plots. Pteris 
aquUina, Maianthemnm canadcMse, and Trienialis americana were the most 
significant species on the forest floor, both as to cover and distribution. 
Except for the relative insignificance of Cornus canadensis, the herbaceous 
species encountered in this stand are more nearly comparable to those of the 
CornuS’Maianthemum forest type (Heimburger 1934) than to any other 
type described in the Adirondack region. This limited evidence again indi- 
cates that a forest-type study in the region would show markedly different 
vegetation complexes in the herbaceous flora beneath forest canopies than 
have heretofore been described in the Northeast. 

INTEGRATION AND SUMMARY 

This study shows that during a 10-year period, following the complete 
removal of a mixed spruce-hardwood forest, a mixed stand dominlited by 
white birch and including the typical species characteristic of the mixed- 
spruce hardwood forest of the Northeast, has established itself.' Phytosocio- 
logical analysis indicates the essential similarity of the young stand and a 
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54-60-year-old white birch-mixed community which is the characteristic 
forest found on many areas on the lower slopes of the mountains in north- 
western Maine. 

White birch, pin cherry, yellow birch, and a limited amount of aspen 
together seem to be most important in establishing the first canopy on certain 
clear-cut sites. Abundant balsam fir, red spruce, and white birch reproduc- 
tion constitute the secondary layer of the young stand when ten years of 
age. Dense growth of red raspberry in the shrub layer forms such a degree 
of shade that the very tolerant sugar maple and balsam fir are favored in the 
youngest size class of tree reproduction within the 10-year-old stand. The 
herbaceous plants of the young stand apparently constitute a community 
which is in part persistent from that present beneath the pi;pceding stand, 
as evidenced by the importance of Cornm canadensis at the ten-year-old 
stage. This species in the region is most frequently associated with the typi- 
cal mixed spruce-hardwood forest such as previously occupied the site now 
covered by the young stand. It does not, however, seem to persist in such an 
important role when the admixture of dominant species includes white birch, 
as is true in the 54-60-year-old stand. In part, the herbaceous layer beneath 
the white birch-mixed forest represents, even at an early age, certain new 
combinations of species destined to remain conspicuous throughout the dura- 
tion of the white birch dominance. Maianthemum canadense and Tricntalis 
americana represent such a combination in the stands studied. 

Indications are that an attempt to apply the Cajander method of forest 
types in northwestern Maine can follow successfully only after a careful 
study of the communities in that specific area. The work of Heimburger 
(1934) in the Adirondack region does not seem to be thoroughly applicable 
to the forests of Maine. There is evidence from indicator species that the 
effect of a preceding community may be felt after cutting for at least a 
10-year period, the critical period of ecesis for the new community, a fact 
which complicates the interpretation of herbaceous ground cover as ‘ ‘ typi- 
cal’^ of the forest community above it. 

Because of the comparatively recent practice of clear-cutting in the mixed 
spruce-hardwood region of northwestern Maine, no complete successional or 
developmental series can be arranged for white-birch-dominated communi- 
ties at this time. It is evident, however, by comparison that on those sites 
where white birch gains the ascendency directly after cutting, it remains to. 
constitute the important dominant for at least 54-60 years, since no real 
difference exists in the complex of species in the 10-year-oId community and 
in one selected for age alone ^(54-60 years) on a similar site. In the older 
stand the importance of white birch is obvious in that it occurred with 100 
per cent frequency, and its total basal area represented 69.3 per cent of the 
total basal area of all the dominants. It is to be emphasized, however, that 
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not all of the mixed spruce-hardwood forest sites return, after clearing, to 
a forest in which white birch occupies such a major position. These results 
merely indicate that the development of a white birch-mixed forest com- 
munity on any given area formerly occupied by a mixed spruce-hardwood 
forest is possible within 10 years after that forest has been removed. This fact 
has not hitherto been stressed, yet it is of importance to gauge the future 
supply of white birch wood in Maine for the many industries dependent 
upon it. 

Most of the white birch in the region is cut by the time it reaches 60-70 
years of age, a fact conditioned by its favorable volume, its reduced growth 
rate as it is overtaken in the mixed forest by the more slowly growing but 
longer-lived species, and its tendency to larger volumes of ‘‘red heart’’ (i.e., 
discolored heartwood) with increasing age and over-maturity. After the 
removal of the mature white birch, the species is not found within the stand 
unless future treatment provides large openings in which it may have its 
necessary light requirements fulfilled, or unless stump sprouts manage to 
survive in peculiarly favorable locations. Balsam fir, a constant associate of 
the white birch during its life in the mixed community, is another species 
which occupies a diminished importance concurrently with or slight!}^ prior 
to the peak of the white birch dominance. The 60-year stand included many 
over-mature and dead balsam firs, but the marked reproductive capacity of 
the species and its tolerance of shade would seem to insure its persisting as a 
lesser species after the removal of the white birch. 

From this study it w’ould appear that once the white birch has been 
eliminated from a white birch-mixed forest community, either through senil- 
ity or by selective logging, the subsequent forest remaining and persisting 
would be a typical mixed spruce-hardwood stand which would include red 
spruce, red and sugar maples, and yellow birch as its major components. 
It will be recalled that such a forest when clear cut may be succeeded by a 
young community, such as the 10-year stand, one of whose major pioneer 
tree species is white birch. 

Duke University, Department of Botany 
Durham, North Carolina 

AND 

Baldwin-Wallace College, Department op Biology 
Berea, Ohio 
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CEPHALOMONAS, A NEW GENUS OF THE VOLVOCALES^ 

Noe Higinbotham 

The members of the Coccomonas group, the Coccomonadae of Pascher 
(1927) are apparently very rare in this country since hitherto none has been 
reported, so far as the author has found. Therefore the discovery in Mary- 
land of a new distinctive alga similar to the Coccomonadae in having a lorica 
instead of a typical cell wall seems to be of considerable interest. Since the 
new alga is characteristically different from both Coccomonas Stein and 
Thoracomonas Korschikov, the most similar genera, it appears desirable that 
it be given generic rank. 

VEGETATIVE CELLS 

Numerous collections of this new alga were made from roadside puddles 
during the summer of 1941. The lorica is relatively thick, granulate, and is 
clear or tinged with yellow. It does not seem to turn brown with age as do 
the ferric-impregnated shells of other algae such as Trachelomonas and 
Thoracomonas, It seems rigid in older cells, however, since it breaks when 
pressure is applied on the cover glass. The protoplast usually fills the lorica 
(fig. 1) although occasional individuals are found in which the naked proto- 
plast has contracted and rounded up inside the shell (figs. 2, 4, 8). This 
(‘ondition also occurs prior to reproduction (figs. 7, 10). The two anterior 
flagellar pores are relatively widely separated (fig. 1). 

The form of the cells (figs. 1, 2) may best be compared to that of a 
truncated Brachiomonas simplex individual. There is an anterior, sub- 
hemispherical, head-like portion which ends abruptly at about the middle, 
and a cylindrical, slightly tapered, posterior process. The cells are always 
somewhat compressed and appear pyriform in side view. In optical trans- 
verse section the cells are elliptic, or obscurely rhomboidal (figs. 3-6). Not 
infrequently the compressed sides project slightly (fig. 3). Older cells pre- 
paring to divide become rounded (figs. 4, 7). The cells range from 8 to 15 g 
long, from 6 to 12 p wide (face view), and from 5 to 9 g thick. The flagella 
are from 8 to 16 p long, being equal to or greater than the body length. 

The insertion of the flagella is oblique with reference to the transverse 
axis (flgs. 3-6) as in the Phacotaceae. 

The protoplast has the usual ChlamydomonasA\)iiQ structure. The 


1 Contribution from the Chesapeake Biological Laboratory and from the Osborn 
Botanical Laboratory of Yale University with the aid of the Theresa Se^asel Research 
Fellowship for 1941-42. The author is very grateful to Professor Tracy E. Hazen and to 
Professor Harold C. Bold for criticism of the manuscript. 
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Figs. 1-24. Cephalomonas granulata, Fio. 1 x 2720, Figs. 2-24 x 1370. Fig. 1. Vege- 
tative cell in face view. Two contractile vacuolcH near base of flagella, pyrenoid in pos- 
terior process, small granules scattered in cytoplasm. Fig. 2. Cell in face view, protoplast 
contracted from lorica. Figs. 3-7. Cells in optical section (seen from above). Figures 3 
and 6 show more typical vegetative cells ; cells in flgures 4, 5, and 7 probably preparing 
for reproduction. Fig. 8. Side view of a contracted cell. Fig. 9. Side view of ordinary 
cell. Figs. 10-15. Stages in zoospore formation. Fig. 10. Protoplast in preparation for 
first division. Fig. 11. Stage following first division. Fig. 12. Stage following second 
division. Fig. 13. Stage following first division. Fig. 14. Second division in process. 
Fig. 15. Four zoospores. Fig. 16. Disintegration of lorica and escape of naked zoospores. 
Fig. 17. Pace view of zoospore recently liberated. Fig. 18. Face view of young cell, still 
naked and slightly metabolic. Fig. 19. Side view of young cell. Fig. 20. Young cell with 
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chromatophore is large and cup-shaped, filling the cell except for an ante- 
rior, more or less axial, clear region (figs. 1, 9). It is a light grass-green in 
the thinner cells but the larger individuals are darker in color. There is one 
small pyrenoid body (sometimes lacking) usually located in an axial posi- 
tion in the posterior process (fig. 1). The only starch found in the cell 
occurs as a layer around the pyrenoid. Other granules are present scattered 
throughout the cell and these may represent a reserve carbohydrate which 
does not react in the iodine test. No fatty substances have been demon- 
strated by the usual methods. The red eye-spot is slightly elongated, oval or 
elliptical in form, and is located laterally near the anterior third of the cell 
(figs. 1, 3). There are two contractile vacuoles in the clear region at the 
anterior end (figs. 1, 4, 6). 

A most unusual feature of the cell is the lateral, not axial, position of 
the nucleus (figs. 36, 39, 41). The studies of the nucleus were made on 
material fixed in Carnoy’s solution and it is possible that this appearance 
is an artifact. The prepared slides, however, showed that the nucleus often 
occupies a position on one side of the cell next to the shell. As may be seen 
in figures 36 and 37 the nucleus has a visible chromatin content. 

The cells are extremely active, swumming with a spiral movement and 
capable of reversing at any time. They seem remarkably sensitive to light, 
as compared to Pandorina, Chlamydomonas^ Phacotus, and other organisms. 
When a mixture of the above forms and the new alga was placed in a drop 
of water on a slide, nearly all the Cephalomonas cells gathered on the more 
intensely lighted side within a minute, whereas, under the same conditions, 
the other organisms reacted little or not at all in that length of time. 

ASEXUAL REPRODUCTION 

Asexual reproduction takes place with the formation of 2-4 motile naked 
zoospores. Nearly all cell division stages were observed in the evening or 
early morning. When the cells are preparing to divide they tend to round up. 
The protoplast then shrinks away from the shell and the organism soon 
comes to rest, losing its flagella (fig. 10). No cell division has been observed 
in motile cells. The first division is longitudinal with respect to the proto- 
plast although the latter may change its position somewhat within the shell. 
Sometimes only two daughter cells are produced but there is usually a 
second division forming four daughter cells (figs. 12, 15). So far as has 
been ascertained the second division is also parallel to the long axis of the 
protoplast. Following the second division the four daughter cells, or 
zoospores, round up somewhat, and then gradually assume a pyriform ishape. 

newly-formed, relatively smooth shell. Fio. 21. Escape of whole protoplast, from loriea. 
Fig. 22. Protoplast of figure 21 immediately after its escape. Figs. 23, 24. Young vegeta- 
tive cells. 




664 


BULLETIN OF THE TORREY CLUB 


[VOL. 60 


In the meantime the lorica of the parent cell has swollen considerably and 
the granules begin to separate from it. As the zoospores become active with 
the appearance of their flagella the lorica disintegrates irregularly into small 
granules and fragments of various size (fig. 16), thus liberating the young, 
naked, somewhat metabolic, cells (figs. 16, 17). The bifiagellate zoospores 
are 4-6 |j long and soon assume the shape (fig. 18) of the parent cell. The 
shell appears first as a thin smooth layer closely investing the cell and then 
gradually becomes granulate with age. Cells in hanging drop culture some- 
times retained a smooth non-granulate lorica, possibly because of the absence 
of iron. 

An entire protoplast was once observed escaping from its lorica (fig. 21). 
This cell assumed a pyriform shape (fig. 22) like that of a, zoospore, but 
eventually resumed its original form. 

The zoospores are essentially miniatures of the parent cells as to chro- 
matophores, eye spot, etc. The pyrenoid was often not visible in zoospores 
observed in the morning in hanging drop cultures but later in the day all 
cells seemed to have one. Professor Hazen has observed the same phe- 
nomenon in a species of Chlamydomonas} 

SEXUAL REPRODUCTION 

In sexual reproduction two bifiagellate naked gametes, alike in size or 
nearly so, fuse to form a spherical quadriflagellate zygote. Sexual repro- 
duction has been observed on two separate occasions between 6 a.m. and 
9 a.m., with the formation of many zygotes in each case. The gametes are 
produced in the same manner as the zoospores, from which they cannot be 
distinguished morphologically with certainty. As in zoospore formation the 
divisions of the parent cell to form gametes were never observed to produce 
more than four cells, but the slightly smaller average size of the free gametes 
indicates that perhaps eight cells may often be formed. The gametes are 
pyriform, slightly metabolic, and range from 3-5 jj in length. Each cell 
has a chromatophore and a stigma but the pyrenoid appeared to be lacking 
more often in the gametes than in the zoospores. In the absence of structural 
differences between zoospores and gametes the only reliable criterion for the 
recognition of gametes is their capacity for sexual fusion. 

In the sexual fusions that were observed, two equal, actively motik 
gametes became attached at their anterior ends (figs. 26, 27). During the 
fusion process they swam about very actively, making it difficult to observe 
details. The newly formed zygotes are spherical and actively motile. Each 
contains two stigmas and twa chromatophores at first (fig. 28). Later the 
chromatophores fuse (fig. 29) and eventually only one eye spot is visible 
(figs. 80, 31). The zygotes remained active (in hanging drop cultures) for 


* Personal communication. 
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1-3 days and during this time they formed a granulate shell or spore wall 
(fig. 30) and increased in size from 6-8 p to 8-12 p in diameter. Following 
this vegetative phase they came to rest (fig. 32) and eventually lost their 
flagella (fig. 33). The protoplast not infrequently fails to fill the shell lumen 
(figs. 32, 35). Zygospore germination has not been observed. 

CYTOLOGY 

Fixed and stained individuals have supplied a few cytological details. 
With iron-alum hematoxylon the granules in the lorica take a deep stain 
but no distinct layers can be discerned in the shell matrix (figs. 36, 37, 39). 
A darkly staining granule, the blepharoplast (figs. 37, 39), lies at the base 
of each flagellum. A rhizoplast was not observed. In most cells the cytoplasm 
contains a number of small vacuoles (figs. 36, 39), but these are not so 



Figs. 25-43. Cephalomonas granulaia. All figures x 1370. Fig. 25. Isogametes. Figs. 
26, 27. Attachment of gametes to one another. Fig. 28. Newly formed zygote still with 
two eye spots and with a faint line between the chroma tophores. Fig. 29. Same with 
chromatophores fused and one pyrenoid apparent. Fig. 30. Motile zygote with newly 
formed wall. Fig. 31. Optical section of naked zygote showing insertion of flagella. 
Fig. 32. Zygote with protoplast contracted. Fig. 33. Zygospore. Figs. 34-43. Fixed and 
stained material. Fig. 34. Zygospore showing pyrenoid (left) and nucleus (right). 
Fig. 35. Older zygospore, nucleus in upper portion. Fig. 36. Young vegetative c^l. The 
pyrenoid in posterior process, nucleus, with its chromatic granules, in anterior right. 
Fig. 37. Side view of vegetative cell showing blepharoplasts at base of flagella. Fig. 38. 
Pyrenoids. Fig. 39. Vegetative cell with two blepharoplasts anterior, numeus to left by 
shell. Fig. 40. Zoospore. Fig. 41. A naked (young f) protoplast. Fio. 42. Nucleus of 
vegetative cell. Fig. 43. Nuclei of zygotes. 
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conspicuous in individuals with protoplasts contracted away from the lorica 
(fig. 37). The pyrenoid sometimes appears simply as a clear region (figs. 40, 
41), but usually a more or less darkly staining body can be seen at the center 
(figs. 34, 36, 37, 38, 39). Not infrequently overstained individuals show a 
layer of starch around the pyrenoid (figs. 36, 38). 

The nuclei of vegetative cells have finely divided chromatin which rather 
obscurely appears to be in the form of a net (figs. 37, 39). It cannot be stated 
with certainty whether or not a nucleolus is present. In some cells a single 
nucleolus-like body occurs (fig. 37), but in other cells no such body was 
seen (figs. 39, 41). Not infrequently the nuclei are characterized by having 
a number of chromatic granules (figs. 36. 42) such as those described in • 
Carteria by Akins (1941). So far as could be ascertained the number of 
these granules is not constant bnt ranges from about 4 to 7 in the vegetative 
cells (see figs. 36, 42), while some of the zygote nuclei have as many as 10 
(see fig. 43). In addition to the chromatic granules, other chromatin material 
is usually discernible (fig. 43). Stages in cell division and gamete fusion 
were not found in the prepared slides. The appearance of the zygotes may 
be seen in figures 34 and 35. 

LORICA 

The lorica of this new alga, and of the similar genera Coccomonas, 
Pedinopera, and Fortiella, is a distinctive feature of a number of the uni- 
cellular Volvocales. As yet, however, little is known of the basic Structure 
of the lorica nor of the significance of its impregnation with compounds of 
calcium or iron. Conrad (1930) has described Coccomonas as having a cel- 
lulose cell wall, in addition to the lorica, but this structure was not found 
in Cephalomonas, 

A number of tests were made on the lorica of Cephalomonas. With potas- 
sium ferrocyanide and hydrochloric acid a blue color results, indicating 
the presence of the ferric ion. Since normally the lorica is not brown but 
clear or yellowish, it seems likely that iron is not present as an oxide, but 
may be combined with a shell constituent. The tests for calcium showed 
that none is present. The u.sual tests for cellulose and hemicellulose have 
also been applied and have failed to indicate the presence of either. These 
include the chloriodide of zinc color reaction, the sulfuric acid and iodine 
color reaction and hydrolysis with 3 per cent hydrochloric acid. Owing to 
the small size of the cells and the inadequate number of them available for 
study, these tests cannot be considered conclusive, but they are reported 
here for any possible value they may have for future work. It should also 
be remembered that some of the hemicelluloses do not hydrolyse readily. 
Finally, staining with ruthenium red has revealed no pectic compounds. 

DISCUSSION 

In iiving a lorica impregnated with an iron compound, Cephalomonas 
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seems to be allied with the Coccomonas group of the unicellular Volvocales. 
Of this group both Pedinopera (Pascher 1927) and Fortiella (Maggs 1941) 
may have iron-impregnated shells, although some species, as in Coccomonas, 
may have calcified loricas. Presumably calcium and iron both may be 
present in the shell of some forms (Printz 1927). 

Cephalomonas is also very similar to Thoracomonas and it would seem 
that the latter genus, with its lorica, stands closer to the Coccomonadae or 
to the Phacotaceae (Smith 1933) rather than being close to Chlamydomonas 
as Printz (1927) suggests. 

The cell envelopes in the Phacotaceae are also incrusted with calcium or 
iron, or both, and Pritsch (1935) includes Coccomonas in that family. 
Pascher (1927), on the other hand, separates the Coccomonas group as a 
tribe, the Coccomonadineae, and limits the Phacoteae to forms wdth shells 
showing two distinct halves. The classification seems to depend chiefly on 
whether the lorica or the number of flagella is considered to be the funda- 
mental feature. Printz (1927 ) places the biflagellate Coccomonas in the 
Phacoteae and the quadriflagellate genera, Pedinopera and Fortiella, in the 
Carterioideae. Such a classification, however, indicates that the lorica is 
essentially homologous with the wall of Carteria and its allies, whereas the 
lorica may really represent a distinctly separate development. 

As has been remarked before, the forms with a lorica consist essentially 
of a naked protoplast within an outer capsule. Thus forms such as Cephalo- 
monas, Fortiella, and Pedinopera may be most closely allied to the primitive 
naked Volvocales, the Polyblepharidaceae, and may represent an inter- 
mediate group leading to the Phacotaceae. There is considerable evidence 
that the Phacotaceae are a natural group climaxing a separate line of evo- 
lution, and most authors, on the basis of the presence of the cell wall, seem 
to believe this line arose from a Chlamydomonas type. It remains to be seen, 
however, whether or not the wall of the Chlamydomonas-type cell is actually 
homologous with the wall or lorica of the Phacotaceae and the lorica of other 
forms. Also it may be found that not all shelled forms are related to one 
another. At the present it remains a distinct possibility that the genera hav- 
ing a lorica may have had an independent origin from primitive volvocalian 
stock. 

DIAGNOSIS 

Cephalomonas Higinbotham, gen. nov. Cellulae vegetativae in lorica 
rigida ferro-crustata conclusae, semper compressae, a facie visae partem 
semiglobosam et processum posteriorem conspicuum habentes ; a latere pyri- 
formes; a sectione transversa ellipticae vel obscure quadrangulares* Flagella 
duo, anteriora, aequalia, e poris separatim per loricam exeuntia. Stigma 
praesens. Pyrenoides pro more praesens, interdum absens. Amylum circum 
pyrenoiden in strato dispositum. Vacuola contractilia duo, anteriora. Chro- 
matophorum gramineo-viride, parietale, urceolatum. Propagatio per zoosporas 
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gametaque nuda mobilia ut videtur non structura distiiiguenda, loricae per 
dissolutione in fragmenta minuta liberata. 

Typus : C. granulata. 

Cephalomonas granulata Higinbotham, sp. nov. Lorica granulata, pel- 
lucida vel lutea. Cellulae vegetativae maturae 8-15 p longae, ^12 |j latae (a 
facie), 4-8 p crassae. Flagella corpus aequantia vel paullo excedentia. Stigma 
ellipticum in parte tertia anteriore cellulae dispositum. Chromatophorum 
continuum, urceolatum. Pyrenoides axilis, pro more in processu posteriore, 
interdum absens. Nucleus anterior, pro more lateralis. Propagatio per 2-4 
zoosporas nudas 4r-6 \x longas. Generatio sexualis per isogametorum con- 
junctionem 3-6 jj longorum nudorum. Zygotum quadriflagellatum, plures 
boras mobile, demum membranam crassam efformans. Zygospora globosj 
8-12 [X diametro immobilis. 

Typus in stagnis parvis prope Solomons, Calvert Coifnty, Maryland, 
lectus ; in herbario Horti Botanici Noveboracensis depositus. 

summary 

Cephalomonas granulata gen. et sp. nov. is described and illustrated. 
The new alga is unicellular and has a granulate, iron-impregnated lorica 
with two anterior pores through which the flagella emerge. It thus seems to 
be allied to the genera comprising the Coccomonadae of Pascher ’s classiflca- 
tion (Pascher 1927). 

Asexual and sexual reproduction take place with the formation of naked 
zoospores and zoogametes. The disintegration of the lorica into small frag- 
ments frees the reproductive cells. 

The structure of the lorica is discussed and some cytological details of 
the protoplast are described. An unusual feature is the generally lateral 
position of the nucleus. 

It is suggested that the group of organisms having loricas instead of 
typical cell walls may represent a separate evolutionary line which origi- 
nated from the primitive naked forms of the Volvocales. 

Osborn Botanical Laboratory, Yale University 
New Haven, Connecticut 
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THE INTERACTION BETWEEN THIAMINE AND FOUR FUNGI 

Frederick Kavanagh* 

HISTORICAL REVIEW 

‘‘ Vitamine’’ was the name created by C. Punk (4) for a growth substance 
needed in small amounts to prevent certain diseases ; the name signified that 
crystals which he prepared from rice polishings behaved like an amine and 
prevented death of pigeons with polyneuritis and of men with beri-beri. 
Most of these ‘‘vitamine’’ preparations, which came to be called vitamin B, 
contained many substances,^ some of which increased the growth of fungi in 
experiments of Bachmann (1), Williams (26), and Willaman (25). Lepesch- 
kin in 1924 reported work he had done in 1916 in which a highly purified 
preparation of vitamin B was used. He observed that it stimulated fermenta- 
tion and growth of one strain of yeast and grow^th of Penicilliiim glaucum. 

During the decade ending in 1934, the original vitamin B preparations 
were discovered to contain several vitamins of which the antineuritic vitamin 
(vitamin Bi) had the' most spectacular action on animals. Some of the in- 
vestigators who were interested in the effects of vitamins on the growth of 
fungi used vitamin Bi concentrates; but before much interest could be 
aroused in the relation between vitamin Bi and the growth of fungi, it was 
necessary to synthesize the vitamin from compounds of knowm structure and 
no vitamin-like effect on animals. The modern work w’ith vitamin Bi started 
after Windaus and his co-workers (29) had prepared the crystalline natural 
vitamin in sufficient quantity to permit extensive experimentation and after 
Burgeff (3) had demonstrated that it was necessary for the growth of 
Phy corny CCS nitens and P. hlakesleeanus. Schopfer (19), who was working 
with the effect of vitamin B concentrates on Phycomyces hlakesleeanus, ob- 
tained striking improvement in growth with vitamin Bi, and became in- 
terested in its general importance as a growth substance for fungi. 

Crystalline vitamin Bi became available here in 1934 as a result of the 
work of R. R. Williams and his associates (28). In 1936 Williams and Cline 
synthesized the vitamin from its two intermediates, 2-methyl-5-bromometh5d- 
6-amino pyrimidine and 4-methyl-5-P-hydroxyethyl-thiazole.* Robbins and 

* Division of Biology, The University of Rochester, Rochester, N. Y. 

1 The vitamin B complex consists of at least 12 members, of which 7 have been 
synthesized and one other has been prepared in crystalline form. 

2 The structures of the two intermediates, which will be designated hereafter simply 
us thiazole and pyrimidine are as follows: 

N— C—NH. N O-CH, 

pyrimidine thiazole 



Ij— CH,B r 

Ah 


hI: A— ch*— chjoh 
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Bartley (12, 13) showed that either vitamin Bi or the thiazole intermediate 
was essential for unlimited grrowth of excised tomato roots. This result sug- 
gested the possibility that Phycomyces hlakesleeamis did not respond specifi- 
cally to vitamin Bi but to one or both intermediates. Independently and 
simultaneously Schopfer and Jung (21) and Robbins and Kavanagh (14) 
demonstrated that the two intermediates together could be substituted for 
vitamin Bi in determining the growth of Phycomyces hlakesleeamis. Robbins 
and Kavanagh reported that moleeularly ecpial quantities of the two inter- 
mediates taken together allowed the same extent of growth as the moleeularly 
equivalent amount of vitamin Bi. 

Robbins (11), Robbins and Kavanagh (15), Leoiiian and Lilly (6)^, 
Schopfer (20), and others made surveys of the vitamin Bi requirements of a 
large number of fungi and found some that required vitamin Bi, some that 
required both intermediates, others that would grow if given only one 
intermediate, and still others that needed no external supply of vitamin Bi 
or its intermediates. However, it seems that all living organisms require a 
continuous supply of vitamin Bi. The organisms which grow in a medium 
lacking vitamin Bi synthesize it from the constituents of the medium (18). 

The structure of the bromide-hydrobromide of vitamin Bi, as determined 
by the synthesis of Williams and Cline (27), is as follows: 

N— NH^HBr Br 

ii II I 

cn,— C 0— CHa N- C— CHa 

II II II 

N=CH HO 0— CTT.>-— OHoOH 

\ / 

s 

Williams gave vitamin Bi the name ‘‘thiamine^’ to indicate that it is 
a sulphur-containing amine. This name is preferable to ‘‘aneurin,^’ used by 
European writers, a name based on its supposed function for mammals. The 
name ‘‘thiamine’’ is accepted by the American Chemical Society and is used 
generally in the United States, The synthetic commercial thiamine used in 
this paper is the chloride-hydrochloride and contains about four per cent of 
hygroscopic water. 

THE PROBLEM 

Interest has centered for several years on the effect of thiamine and r«r 
lated compounds on the growth of many species of fungi and on the behavior 
of the fungi when the thiamine requirement is or is not fulfilled. The closely 
related problem of what the fungi do to the thiamine has been studied only 
by Bonner and Buchman (2), who reported that Phycomyces hlakesleeamis 
destroyed thiamine by liberating the pyrimidine and decomposing the thia- 
zole, or, at least, altering the thiazole until it was ineffective. They presented 
evidence that thiazole was destroyed only when it was part of a thiamine 
mole^le. When thiazole and pyrimidine were present in the same culture 
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solution, the actively-j?rowing organism combined them rapidly to form 
thiamine, then destroyed the thiamine, freeing the pyrimidine from which 
thiamine could be formed again until all the thiazole was used. A pyrimidine 
molecule would thus be used several times when more thiazole than pyrimi- 
dine was supplied. They found also that P. hlakesleeanus, when grown in a 
solution containing more thiazole (free and combined) than pyrimidine, 
produced heavier mycelia than when it was grown in a solution in which the 
thiazole and pyrimidine were present in equivalent amounts. This observa- 
tion was contrary to that reported by Robbins and Kavanagh (14), but was 
confirmed later (17). 

The present investigation was designed to determine (1) if pyrimidine 
accumulates and thiazole disappears from a thiamine solution in which P. 
hlakesleeaiins grows, (2) how Phycomyces affects free thiazole and free 
pyrimidine, (3) how other fungi with different requirements affect thiamine, 
thiazole, and pyrimidine. 

MATERIALS AND METHODS 

To study these problems four organisms with different needs for thiamine 
or its intermediates were selected: Phytophthora cinnamomi (15) which re- 
quires thiamine as such, Phycomyces hlake sice anus (14, 20, 21) which uses 
the two intermediates (together) as satisfactorily as it does thiamine, Mucor 
ramannianus (9) which grows with either thiazole or thiamine, and Sclero- 
tium rolfsii (15) which grows with either pyrimidine or thiamine. All these 
fungi develop well in synthetic solutions containing thiamine or the inter- 
mediate or intermediates functional for each. Phytophthora and Phycomyces 
were used in the studies of Bonner and Buchman; Mucor ramannianus is 
the only fungus known to require only the thiazole portion of the thiamine 
molecule; and Sclcroiium rolfsii grows well in nutrient solutions if given 
only the pyrimidine portion of the thiamine molecule. 

The sources of the cultures were as follows: Phytophthora cinnamomi 
Rands from C. M. Tucker; Phycomyces hlakesleeanus Burgeff from A. P. 
Blakeslee (this is the plus strain used in the earlier experiments of Robbins 


TABLE 1. Basal solutions 



A 

E 

F 

KTLP04 

15 g. 

1.5 g. 

1.5 g. 

MgS04 • 7H3O 

5 g. 

0.5 g. 

0.5 g. 

Mineral supplements* ... 

1 ml. 

0.5 ml. 

0.5 ml. 

Asparagine 

10 g. 

10 g. 

10 g. 

C.P. dextrose 

100 g. 

100 g. 

MO g. 

Water to make 

1000 ml. 

1000 ml. 

2000 ml. 


5.7 mg.; C118O4 • SHjO, 18.6 mg.; nmmonhim molybdate 85 per cent, 816 
mg.; gallium sulfate, 6.8 mg.; FeNH«(S04)* * 12H80, 173 mg.; MnS04*4H*0, 8.1 mg.; 
ZnSO* • 7H3O, 79 mg. ; water to make 100 ml. This is a modification of a mineral mixtiure 
used by Steinberg (22), 
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and Kavanagh) ; Mucor ramannianus Holier from the Centraalbureau voor 
Schimmelcultures at Baarn ; and Sclerotium rolfsii Sacc. from C. M. Tucker. 

The basal solutions used for the investigation of the metabolism by the 
four fungi of thiamine and its intermediates were composed of mineral salts, 
sugar, and asparagine. Their composition is given in table 1. 

Although the four fungi grow quite well in solutions supplied with po- 
tassium dihydrogen phosphate and magnesium sulfate of the usual ‘‘Analyti- 
cal Reagent^’ grade as the only mineral salts, additional micro-elements were 
supplied. The water was once distilled from an electric Stokes still with block 
tin condenser. The sugar was “C.P. Dextrose’’ from the Corn Products 
Company. The asparagine was purified by recrystallization three times frcfiri 
w’ater and/or aqueous alcohol. ' 

Three lots of each basal solutions were prepared for the study of the 
metabolism of thiamine and its intermediates ; one lot received thiamine only ; 
a second received thiamine and thiazole; and a third lot received thiamine 
and pyrimidine (table 2). By the use of these three types of solutions, it 
was hoped to show the effect of these fungi on thiamine and its intermediates 
as well as the effect of large amounts of free thiazole and free pyrimidine on 
the growth of the four fungi. To solution F, used only with P. chinamonii, 
large amounts of thiamine were added in place of the large amounts of 
thiazole or pyrimidine used in the experiments with the other fungi. The 
amounts of thiamine, pyrimidine, or thiazole used in the basal solutions given 
in table 1, together with the volumes of solution per flask, are shown in table 
2 . 

In previous experiments Robbins and Kavanagh have found that 1 mp- 
mole^ of thiamine per flask gives good growth with all these fungi and that 
this amount of thiamine seems to be the limiting factor for their growth in 
these solutions. In order to be sure that thiazole or pyrimidine was present 
in large excess, 115 mpmoles^ of thiazole or pyrimidine were added to each 
flask containing thiazole or pyrimidine. The vitamin composition of the nu- 
trient solutions is shown in table 2. 

The procedure used in growing the four fungi in the presence of thiamine 

3 The amount of thiamine, thiazole, and pyrimidine is expressed in terms of milli- 
micromoles (mpmoles, 10-» gram-moles) per culture flask. In some previous papers the 
millimicromole was referred to as a unit (u.) of thiamine. It seems preferable to omit 
‘‘unit** from the terminology because of the possibility of confusing it with the other 
four units that have been used to express amounts of vitamin B,. Thiamine and its inter- 
mediates are expressed in amounts per culture rather than in amounts per volume of 
liquid, for example per liter, because usually it is the total quantity of thiamine, thiazole, 
or pyrimidine in a solution and not its concentration that is important. 

* The absolute values for thiamine, thiazole, and pyrimidine may be in error by 10 
per cent because of uncertainty of the water content of the compounds. The relative values 
given in the table are based on determination of the thiazole and pyrimidine by the Phy- 
eofnyces method, using thiamine as the standard. 
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TABLE 2 


Nutrient solution 

A1 

A2 

A3 

E 1 

E 2 

E3 

FI 

F2 

F3 

Thiamine, mjimoles/flask .. . 

1 

1 

1 

1 

1 

1 

1 

10 

100 

Thiazole, ** * ^ 


115 



115 





Pyrimidine, * ‘ ‘ ‘ 



115 



115 




ml. solution used per flask 

25 

25 

25 

25 

25 

25 

50 

50 

50 


or its intermediates was as follows : 25 ml. portions of the nutrient solutions 
(table 2) were placed in 125 ml. Erlenmeyer flasks, plugged with cotton- 
wool, and autoclaved at 110“112° C for fifteen minutes. Phycomyces and 
Mucor cultures were inoculated with spore suspensions j Phytophthora and 
Sclerotium, with mycelium. The Phycomyces inoculum was prepared by 
placing several mature sporangia in from 10 to 25 ml. of sterile distilled 
water. The Mucor inoculum was prepared by rubbing the surface of a culture 
containing mature spores under a little water and adding this water to from 
10 to 25 ml. of sterile distilled water. One drop of the spore suspension was 
added to each flask from a sterile pipette. Bits of mycelium from Phy- 
tophthora or Sclerotium stock cultures were transferred to a thiamine-free 
solution and allowed to grow from 5 to 7 days to form a nearly vitamin-free 
inoculum for the nutrient solutions. Small bits of the nearly vitamin-free 
mycelium were transferred to the culture flasks. 

The flasks, after inoculation with the appropriate fungus, were placed on 
one shelf of a darkened incubator which maintained the temperature of the 
solutions between 24° and 25° C. The fungi were grown the desired length 
of time, removed from the flasks, M^ashed with distilled water to remove 
salts and sugar, and dried in aluminum pans at 105° C for at least twelve 
hours. The dried mycelium was allowed to stand at room temperature until 
it reached equilibrium with atmospheric moisture,’' and was weighed to the 
nearest milligram. The medium and wash water were combined and diluted 
to a standard volume, aliquots of which were analyzed for thiazole and 
pyrimidine. Single cultures were analyzed in the A series, duplicate cultures 
in the E series, and quadruplicate cultures in the P series. 

The amounts of thiazole and pyrimidine in the solutions were so small 
that a biological method of assay was necessary; no chemical method of 
sufficient sensitivity was available. Phycomyces seemed to be the best of 
several fungi that could be used to determine thiazole and pyrimidine. 

The method of assay for thiazole was as follows : A series of flasks con- 
taining an analyzing solution® and kno\^m amounts of thiazole (from 0.125 

^ The oven-dried mycelium after attaining equilibrium with an atmosphere" of 50 per 
cent humidity increased about 3 per cent in weight. 

« The analyzing solution was made with the following amounts of nhtrients per flask; 
KHyP 04 37.5 mg., MgS 04 * TH^O 12.5 mg., mineral supplements 0.0125 ml., ammonium 
glutamate 200 mg., dextrose 2500 mg., thiazole (or pyrimidine) 115 mpmoles. Ammonium 
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to 2 mjjmoles per flask) with a considerable excess of pyrimidine (115 mp- 
moles per flask) was prepared in quadruplicate, sterilized and inoculated 
with Phycomyces blakesleeanus. The inoculated flasks were placed in a dark 
incubator at 25° C. The dry weight of the mycelium was determined after 
from 9 to 15 days of growth. A standard curve was constructed by plotting 
on log-log coordinate paper the average dry weight of a mycelium as ordinate 
and the amount of thiazole which was put into the flask as abscissa (fig. 13). 
This curve showed the dry weight produced by Phycomyces with dilferent 
and knowm amounts of thiazole in the presence of an excess of pyrimidine 
under the conditions of the experiment. At the same time, aliquots of the 
solutions to be analyzed were added to the analyzing solution to which th^ 
same excess of pyrimidine (115 nipmoles per flask) that was used in pre- 
paring the standard curve had been added. Duplicate aliquots of each solu- 
tion were used in each analysis for thiazole. The aliquots were selected to 
represent either half the contents of one flask or between 0.5 and 2 iripinoles 
of the intermediate being determined. In the E series of solutions, the con- 
tents of two flasks were combined and diluted to 100 ml. The largest aliquot 
taken was 25 ml., which represented one-half the contents of one flask. In 
the B 1 series of solutions, two 25 ml. aliquots were used for determining 
thiazole and two 25 ml. aliquots were used for determining pyrimidine. In 
the E 2 series, two 25 ml. aliquots were used for determining ])yrimi(line 
and several pairs of aliquots which ranged from 0.5 ml. to 10 lul. for de- 
termining thiazole. In the E 3 series, two 25* ml. aliquots were used for 
determining thiazole and several pairs of aliquots which ranged from 0.5 to 
10 ml. for determining pyrimidine. 

The cultures were inoculated with P. blakesleeanus. Prom the dry weights 
obtained the quantity of thiazole in the aliquot was read from the standard 
curve (fig. 13). This quantity Avas the total functional thiazole (free thiazole 
as well as thiazole in thiamine, cocarboxylase, and other forms) present in 
the aliquot. A similar procedure was followed in assaying for total pyrimi- 
dine except that the standard curve was constructed from dry weights ob- 
tained with known amounts of pyrimidine in the presence of a large excess 

glutamate was used as the nitrogen source in place of asparagine, the supply of which was 
temporarily limited. The growth of Phycomyces in the analyzing solution was not limited 
by the amounts of salts, sugar or nitrogen. This solution could give growth of Phycomyces, 
twice as large as any obtained in the assays. The sugar, minerals and asparagine added 
in the aliquots were considered not to influence the growth of Phycomyces in the analyzing 
solutions. In these analyses an aliquot was selected such that the growth of Phycomyces 
was limited by the amount of thiazole or the pyrimidine in the aliquot to less than one- 
third that which could be obtained in the presence of a large amount of thiamine. After 
the aliquots of the solutions in which the four fungi grew and the analyzing solutions 
were put into the flasks, distilled water was added, where necessary, to make the volume 
•of liquid the same in all flasks (including the standards). Total volumes of 35, 40, and 
ml. (in 125-ml. Erlenmeyer flasks) were used. 
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of thiazole (115 mumoles per flask) and the aliquots of the solution to be 
analyzed were added to the analyzing solution containing a large excess of 
thiazole (115 mpmoles per flask). 

Each assay for thiazole and pyrimidine required the construction of a 
standard curve from cultures grown for the same time and under the same 
conditions as the cultures concerned in the assay of the unknown amounts of 
thiazole and pyrimidine. This was necessary because the temperature of in- 
cubation was not entirely constant, the period of growth could not be exactly 
controlled, and other conditions varied somewhat. 

The following example shows the application of the method to solution 
E 2 in which P. cinnamomi had grown for 21 days. One-half the medium 
from one flask in which Phytophthora had grown was added to the analyzing 
solution containing 115 mumoles of thiazole. The dry weight of Phycomyces 
mycelium produced in this solution was 58 mg., which lies at 0.15 mpmole 
on the pyrimidine calibration shown in figure 13. Since the aliquot was one- 
half, the amount of pyrimidine in the medium was 0.30 mpmole. Thiazole 
was determined in an alicpiot that was 1/50 of the medium from one flask. 
The weight of Phycomycea mycelium was 211 mg., whi(‘h lies on the thiazole 
curve at 2.35 mumoles. This value was multiplied by 50 to find the amount 
of thiazole in the medium, 118 niiamoles. 

The determination of thiazole and pyrimidine w’as several times more 
accurate in the E and P series of solutions than in the A series because the 
larger volume of medium available made possible the use of larger aliquots 
and more of them. In the E and P series the absolute error in a determination 
of thiazole or pyrimidine caused by inaccuracy in weights of both the 
standard and the assay mats of mycelium of Phycomyces was estimated to be 
0.2 nifjmole for amounts less than 1 mpmole and between 10 and 20 per cent 
for larger amounts. 

The mycelia usually w^re not analyzed since the work of Bonner and 
Buchman had indicated that little thiamine or free thiazole occurred in the 
mycelia of Phycomyces as old as five days. However, the amounts of thiazole 
and pyrimidine contained in mycelia were determined in three series of solu- 
tion E and in all series of solution P as follows : A mycelium was removed 
from a flask, washed with water, boiled with 25 ml. of 1 per cent hydrochloric 
acid, allowed to stand for three days, then removed from the hydrochloric 
acid. The acid solution was neutralized with sodium hydroxide and aliquots 
were analyzed. Treatment of the mycelium after the first acid extraction 
with an acid solution of pepsin (10) released insignificant amounts of 
thiazole or pyrimidine. Apparently the extractable thiazole and p/rimidine 
were removed by th^ first treatment. 

The validity of the assays depends upon the absence from the solution 
analyzed of substances other than thiamine and its intermediates which 



676 


BULLETIN OF THE TORREY CLUB 


[VOL. 69 



Figs. 1-6. Phytophthora einnamomi. Figs. 1-3. Analysis of solutions E. Figs. 
4-6. Analysis of solutions F and mycelium. DW, dry weight of mycelium; T, thiazole; 
P, pyrimidine; TP, thiazole or pyrimidine in solution; MTP, thiazole or pyrimidine in 
mycelium; Total TP, sum of thiazole (or pyrimidine) in solution and mycelium. 
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would affect the 9~15-day (growth of Phycomyces, No evidence was found 
that the four fungi produced substances that increased or decreased the 
response of Phycomyces to thiamine or its intermediates. When an aliquot 
was doubled, the growth of Phycomyces indicated that twice as much thiazole 
or pyrimidine was present. When a small amount of thiamine was added to 
an aliquot, the growth of Phycomyces was that expected. All of the experi- 
mental evidence indicates that the response of organisms to thiamine, 
thiazole, and pyrimidine is highly specific for the chemical structure of these 
substances (18). 

EXPERIMENTS 

1. PlIYTOPHTHORA CINNAMOMI 

Phytophthora cinnamomi was grown in solutions A and E for 31 days and 
in solution P for 40 days. The solutions (and the mycelium in series P) were 
analyzed at intervals for thiazole and pyrimidine. In the A series of solu- 
tions 21 flasks, in the E series 18 sets of flasks, and in the P series 15 sets 
of solutions and myeelia were analyzed. 

The results are given in the form of curves (figs. 1-6) which show the dry 
weight of the fungus, the amount of thiazole and pyrimidine found in the 
medium at the end of each growth period, and, for solution P, the amount of 
thiazole and pyrimidine found in the mycelium. The results of all the experi- 
ments appeared to be consistent. Curves are presented for the E series be- 
cause these analyses are considered to be more accurate than for the A 
series. 

Effect of Thiamine and Its Intermediates on Growth of Phytophthora. 

Phytophthora did not grow in any of the basal solutions used in this work 
unless thiamine was added. The optimum amount of thiamine was greater 
than 1 and not more than 10 m^jmoles per flask. Growth, as measured by 
increase in dry weight of mycelium, continued for 40 days in the P solutions. 
It had nearly ceased in the flasks containing 1 mgmole of thiamine but was 
still fairly rapid in those containing 10 and 100 mpmoles. The growth curves 
for the A and E series had similar shapes. A maximum dry weight was at- 
tained by the 13th day ; this was followed by a slow decrease in weight as the 
mycelium aged. Growth in the solutions containing thiazole or pyrimidine in 
addition to the thiamine did not differ from that in the thiamine solutions. 

Growth nearly doubled when the nutrient solution was diluted with an 
equal quantity of water. Prom these results it appears that the eflBciency of 
utilization of thiamine by P. cinnamomi is influenced by the concentration of 
the nutrient solution. 

Residual Intermediates in the Culture Solutions. The analyses showed 
that the thiazole and pyrimidine remaining at any time in the thiamine solu- 
tions were present in equal amounts. In the P solutions the amounts of 
thiai^ole and pyrimidine remaining after the tenth day were between 20 and 
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30 per cent of the thiamine added. In the thiamine solutions of the E series, 
the thiazole and pyrimidine remaining after the fifth day was about 15 per 
cent of the thiamine originally added. In the thiamine plus thiazole solution 
about 15 per cent of the pyrimidine and in the thiamine plus pyrimidine 
about 10 per cent of the thiazole remained after the fifth day of growth. Not 
enough of the intermediates added to the thiamine solutions disappeared to 
be detected by the method of analysis. These analyses of the solution in which 
Phytophthora had grown show that the amount of residual thiazole or 
pyrimidine in the solution was not aifected by the presence in the solution of 
a large amount of the other intermediate. Thiazole and pyrimidine appear to 
be inert substances for Phytophthora, The presence in these solutions ^f 
amounts of residual intermediates varying from 10 to 30 per cent (from 0.1 
to 30 rngmoles per flask) of the thiamine put in is best explained by assuming 
that the stock thiamine solutions contained thiazole and pyrimidine in addi- 
tion to thiamine.^ It does not seem probable that so large a percentage (and 
in some series so large an absolute amount) of the thiamine originally 
present in the solution would not have been absorbed. The thiazole and 
pyrimidine in the stock solution of thiamine were probably formed by 
hydrolysis of the thiamine. That different stock thiamine solutions were used 
in making the E and P series may account for the different residual amounts 
of thiazole and pyrimidine found in these solutions. 

Thiamine Found in the Mycelium. Mycelium grown in thi&mine solu- 
tions contained thiazole and pyrimidine in equal amounts (figs. 4, 5, 6). The 
amounts of thiazole and pyrimidine found in the mycelium increased rapidly 
in the young mycelium, reached a maximum on about the tenth day, then 
decreased as the mycelium grew. The concentration* of the thiazole and 
pyrimidine in some cultures was found to be as much as 300 times as high in 
the mycelium as in the solution. 

The mycelium had accumulated 40 mgmoles of intermediates from the 
100 mgmole thiamine solution by the tenth day (fig. 6). During the next 
thirty days the intermediates in the mycelium decreased to 10 mqmoles but 
did not increase in the solution. The use of thiamine by Phytophthora did 
not result in excretion of either thiazole or pyrimidine into the medium. 
Growth was made at the expense of the accumulated intermediates. A rather 
large amount of intermediates (30 mpmoles of each) was left in the solution. 
Thiazole and pyrimidine were accumulated in large amounts by the 
mycelium only from the thiamine solutions and not from the solutions con- 
taining free thiazole or free pyrimidine. 

7 It is to be remembered that the method of assay determines the total functional 
iunount of an intermediate and does not indicate how much is free and how much is 
present as thiamine. 

» The volume in milliliters of the mycelium was estimated to be five times the dry 
sreight in grams since the density of protoplasm is near 1 and the dry weight of a 
nycaHlim is approximately 20 per cent of the wet weight. 
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It is believed that these results can best be explained by assuming that 
the intermediates found in the mycelium were present primarily in the form 
of thiamine. This would explain the appearance and disappearance in the 
mycelium of equimolecular amounts of thiazole and pyrimidine. The presence 
in the medium of the large amount of residual intermediates can still be 
explained by the assumption that the intermediates were present as thiazole 
and pyrimidine which are inert substances for Phytophthora until combined 
to form thiamine. 

In the further discussions of the interrelation between thiamine and P. 
cmnamomi, the assumptions will be made that the fungus affects only 
thiamine and that the intermediates determined in the mycelium exist there 
mainly as thiamine. 

Interpretation of Results. Young, rapidly growing mycelium of 
Phytophthora absorbed the thiamine from the medium, stored it, and used 
it for further growth. The mycelium did not release to the medium either 
thiazole or pyrimidine, as was shown by the constant value of the residual 
intermediates in a solution. That the mycelium did not absorb the free 
thiazole and free pyrimidine in the solutions was indicated by the pi’esence 
of residual intermediates in the thiamine solutions and by the analyses of 
the solutions containing large amounts of free thiazole or free pyrimidine. 

2. Phycomyces blakesleeanus 

Phycomyces hlakeslceanus was grown in solutions of series A for 17 days 
and in solutions of series E for 81 days. In series A, 36 solutions, in series E, 
18 sets of solutions and 6 mycelial mats were analyzed for thiazole and 
pyrimidine. The dry weights of mycelia and the analyses of solutions of the 
E series are shown in figures 7, 8, and 9. 

Effect of Thiamine and Intermediates on Growth of P. blakesleeanus. 

Phycomyces grew rapidly in the nutrient solutions containing thiamine or 
both intermediates. It responded to as little as 0.01 mpinole of thiamine or 
intermediates. The optimum amounts for the solutions used in this work 
were about 10 mpmoles per flask. The relation between the amount of 
thiamine or intermediates (in equimolecular amounts) per flask and the dry 
weight at the end of fifteen days of growth is given by the line marked T 
in figure 13. 

Growth of Phycomyces as measured by increase in dry weight occurred 
in two periods. The first period was from the time of inoculation to the time 
of the first maximum dry weight which occurred between the fifth Sand ninth 
days. After this maximum there was a decrease in dry weight until the 
second period of growth, which extended from about the twelfth day to the 
seventeenth day, when a second maximum appeared in the growth curve. 
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When Phycomyces was grown in solutions containing thiamine and a large 
amount of pyrimidine, the pyrimidine did not affect the growth. Phycomyces 
grown in solutions containing thiazole in addition to thiamine reached a 
larger maximum dry weight than in the thiamine solutions. The increase in 
dry weight resulting from the addition of thiazole to a thiamine solution in- 
creased with increasing amounts of thiazole until about ten times as much 
thiazole as thiamine was added, beyond which additional thiazole had no 
effect. The curve marked P in figure 13 shows the relation between the dry 
weight produced by Phycomyces grown for fifteen days in the presence of a 
large excess of thiazole and the amount of pyrimidine put into the solution. 
The maximum dry weight produced in the presence of a large excess (rf 
thiazole was between 1.5 and 3 times as much as that produced in the absence 
of excess thiazole. Prom these results it is clear that the ratio of thiazole to 
pyrimidine in the analyzing solutions (never less than 50 to 1) was always 
large enough to obtain maximum growth. 

Intermediates in Culture Solutions. The amount of thiazole in the 
thiamine solution was very small during most of the experimental period. 
The amount of pyrimidine in the thiamine solution had reached its lowest 
value by the fifth day and then increased steadily during the rest of the ex- 
periment. Less thiazole than pyrimidine was left in a thiamine solution after 
Phycomyces had grown in it. In the thiamine plus excess pyrimidine solu- 
tion (fig. 9), the amount of pyrimidine did not change by a 'detectable 
amount; the amount of thiazole reached a low value by the fifth day and 
then did not change very much. In the thiamine plus thiazole solutions 
(fig. 8), the amount of pyrimidine was relatively constant after the fifth day 
and was less than the amounts found in the thiamine solutions on the 
corresponding day. The amount of thiazole decreased rapidly and had 
reached a constant value by the thirteenth day. 

Intermediates in the Mycelium. Very little thiazole was found in the 
mycelia grown in the thiamine and the thiamine plus pyrimidine solutions. 
A small amount of thiazole was found in the mycelia grown in the thiamine 
plus excess thiazole solutions (table 3). Analyses of mycelia grown in thi- 
amine plus thiazole and in thiamine plus pyrimidine solutions showed that 
the intermediate present in the medium in the larger amount was also presen]; 
in the mycelium in the larger amount and that the concentrations in solution 
and mycelium were approximately equal, indicating that the mycelium of 
Phycomyces did not accumulate either thiazole or pyrimidine. 

Loss of Thiazole from fhe Medium. By the fifth day of growth, the 
dry weights of mycelium produced in the three solutions were nearly the 
same ; and the amount of thiazole missing from the thiamine plus thiazole 
solution was 75 times as great as that missing from either of the other solu- 
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Figs. 7-9. Phycomyees bldkesleeanus, analysis of solutions E. Figs. 10-12. Mucor 
ramannianus, analysis of solutions E. DW, dry weight of mycelium ; ,jr, thiazole ; P, 
pyrimidine. 
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tions. In the same time and with the same growth, either 1 mjjmole or 75 
mpmoles of thiazole could disappear from the medium and not appear in the 
mycelium. The 75 mpmoles of missing thiazole could not have been removed 
as a pyrimidine-containing compound because only enough pyrimidine oc- 
curred in the medium to combine with 1 mpmole of thiazole. The removal of 
the large amount of thiazole would seem not to be related to the growth made 
by the fungus. The thiazole may have been destroyed, it may have been used 
as a source of organic sulfur, or it may have been combined in a form that 
was not determined by the method of analysis. 

Interpretation of Results. The young and rapidly growing myceliuy 
of Phycofuyces absorbed the thiamine from the medium and used it during 
growth. Pyrimidine but not thiazole accumulated in the solution. As a con- 
sequence of the presence of the mycelium of Phycomyces, thiamine was split 
into pyrimidine and thiazole, the thiazole disappeared from the solution and 
mycelium, and pyrimidine accumulated in the solution. If thiazole was pres- 
ent in addition to thiamine, the Phy corny ces grew somewhat better than it 
did in the absence of excess thiazole, much of the excess thiazole disappeared 
from both medium and mycelium, and pyrimidine did not accumulate in the 
medium. Phycomyces grew in the thiamine plus pyrimidine solution as it 
did in the thiamine solution in the absence of excess pyrimidine, and did not 
affect the pyrimidine. 

3. Mucor ramannianus 

Mucor ramannianus was grown in solutions of the A and E series for 31 
days. In the A series, 21 solutions, in the E series 18 sets of solution were 
analyzed for thiazole and pyrimidine. The results of the analyses made on 
solutions of the E series and the dry weight of the mycelia produced in the 
solutions are given in figures 10, 11, and 12. 

Effect of Thiamine and Intermediates on Growth of Mucor. The dry 

weight of mycelium produced in the solutions containing thiamine and 
thiamine plus excess pyrimidine were the same ; they reached a maximum 
between the twelfth and eighteenth days and then decreased slowly. In the 
solutions which received a large amount of thiazole in addition to thiamine, 
growth increased with time and had not approached a limit when the experi- 
ments were terminated at the end of thirty-one days. Growth was about five 
times as great in this solution as in the ones without extra thiazole. Growth 
was better in the E solutions containing thiamine or thiamine and pyrimi- 
dine than in the corresponding A solutions but was much better in the A 
solution containing the large amount of thiazole than it was in the corre- 
sponding solution of the E series. Since the A solution contained ten times 
as much potassium dihydrogen phosphate and magnesium sulfate and twice 
as much mineral sunnlements as the E solution, srrowth in the E solution 
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containing the excess thiazole might have been limited by the amount of 
minerals. 

Intermediates in the Culture Solutions. The amount of thiazole in a 
thiamine solution in which Mucor had grown decreased with increase in the 
time of growth but did not go much below one-half that originally present 
(fig. 10). The same was true of the thiazole in the thiamine solution to which 
pyrimidine was added (fig. 12). The presence of a large excess of pyrimidine 
in the solution did not affect the final amount of thiazole in the solution if 
the solution originally contained little thiazole. 



Fig. 13. Kelation between the fifteen-day growth of Phycomyces hlakeftleeanus at 
25° C. and the amount of intermediate in one flask of the analyzing solution used for 
determining thiazole, T, and pyrimidine, P. 


Since pyrimidine increased in all the solutions in which Mucor grew, M, 
ramannianus must have synthesized pyrimidine. In fact Mucor synthesized 
up to nine times as much pyrimidine as was put into the solutions as thi- 
amine. This ability to synthesize pyrimidine explains why Mucor grew in 
nutrient solutions provided with only the thiazole portion of the thiamine 
molecule. The amount of pyrimidine synthesized may be far in ex<?ess of the 
amount needed to form thiamine with the thiazole present. 

Loss of Thiazole from Nutrient Solutions. A rather large decrease in 
the amount of thiazole occurred in the solutions which originally contained 
115 mjjmoles 6f thiazole (fig. 11). The thiazole not accounted for was several 
times that needed to combine with the pyrimidine found in the solution. 
Possibly the missing thiazole was combined with pyrimidine and the thiamine 
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thus formed was absorbed by the mycelium. If this was true, the analyses 
gave only the pyrimidine not combined with thiazole and did not indicate 
the total amount of pyrimidine synthesized. However, the missing thiazole 
may represent Jhiazole destroyed or thiazole used as a source of organic 
sulfur (23). 

Interpretations of Results. Mucor ramannianus in a thiamine solution 
absorbs a small amount of thiamine, grows slowly, and synthesizes pyrimi- 
dine. The amount of pyrimidine synthesized may be much larger than can be 
combined with the thiazole present. Excess pyrimidine in the thiamine solu- 
tion does not affect growth or the synthesis of pyrimidine. Mucor growing in 
a solution containing a large amount of thiazole grows very well, synthesizes 
pyrimidine, and removes thiazole from the solution in qiiaiftities larger than 
needed to combine with the pyrimidine synthesized. However, the amount of 
pyrimidine synthesized was approximately proportional to the dry weight. 

4. SCLEROTIUM ROLFSII 

Sclerotium rolfsii was grown in the A and E series of solutions for 31 
days. The solutions were analyzed at intervals for thiazole and pyrimidine. 
Twenty-one flasks of solution A and 18 sets of solutions in the E series were 
analyzed. The dry weights of the mycelia and the results of the analyses of 
the E series are shown in figures 14, 15, and 16. The A and E series of 
solutions gave similar results. 



Figs. 14-16. Sclerotium rolfsiiy analysis of solutions E. DW, dry weight; T, thiazole; 
P, pyrimidine. 

Effect of Thiamine and Intermediates on Growth. 8, rolfsii grew very 
well in the thiamine solutions. It produced almost six times as much dry 
matter in the thiamine solution in 31 days as either Phycomyces or 
Phytophihora grown in siipilar solutions. The growth in the thiamine plus 
thiazole solution was somewhat better than that in the thiamine solutions. 
Growth in the thiamine solution to which a large amount of pyrimidine was 
added was much greater than the growth in thiamine solution. This was ex- 
pected because Sclerotium grew if given the pyrimidine portion of the thi- 
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amine molecule. The maximum dry weight produced in the solution contain- 
ing pyrimidine was nearly one-half the weight of sugar put into the solution. 
Little growth occurred after the 17th day. The growth in the solutions 
containing thiamine or thiamine plus thiazole seemed to be limited by some 
factor not sugar, minerals, or nitrogen. 

Intermediates in Culture Solutions. The analyses of the thiamine solu- 
tions (fig. 14) showed that pyrimidine had decreased by 80 per cent by the 
7th day and was not present on the 31st day of growth. The thiazole in- 
creased rapidly after the 7th day of growth until by the 31st day 26 times as 
much thiazole occurred in the solution as was put into it. Sclerotiiirn rolfsii 
synthesized thiazole. The amount of pyrimidine in the thiamine plus thiazole 
solution (fig. 15) followed much the same course that it did in the thiamine 
solution. The amount of thiazole decreased during the period of rapid growth 
(to the 17th day) and then remained unchanged at about 50 per cent (55 
mjjmoles) of the thiazole put in. 

The amount of thiazole in the thiamine plus pyrimidine solutions had 
decreased by the fifth day of growth to about 20 per cent (0.2 mpmole per 
flask) of the amount i)ut in as thiamine and remained near that value during 
the next 26 days. Thiazole was found in the solution at all times. The amount 
of pyrimidine decreased throughout the growth period. About 30 per cent of 
the pyrimidine was in the solution when the experiment was terminated. 
The analyses indicated that growth in the thiamine plus pyrimidine solution 
was not stopped by lack of thiazole or pyrimidine. 

Intermediates in the Mycelium. Thiazole and pyrimidine were de- 
termined in mycelia grown in thiamine and in thiamine plus thiazole solu- 
tions (table 3). The intermediate present in the solution in the larger amount 
was present in the mycelium in the larger amount. It was estimated from the 
relative volumes of mycelium and solution that the concentration of thiazole 
in the mycelium was the same as in the solution. The thiazole missing from 
the thiamine plus thiazole solution was not in the mycelium, at least not in 
a form removed by the methods used in this work. 

Loss of Thiazole and Pyrimidine, About half the thiazole put into the 
thiamine plus thiazole was lost. The loss (55 mpmoles) was rather large 
and only two per cent of it could possibly be thiazole removed from the 
solution as thiamine or other compounds containing thiazole and pyrimidine 
in equimolecular amounts. The thiazole may have been destroyed without 
functioning in metabolism-. Presumably thiazole was synthesized in all solu- 
tions even though in two of the solutions, the amount of thiazole decreased 
with increase in growth. 

About 75 per cent (80 mpmoles) of the pyrimidine was lost from the 
solution which contained the thiamine plus pyrimidine. Although no ap- 
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parent synthesis of thiazole occurred in this solution, the dry weight of the 
mycelium indicated that synthesis of thiazole had taken place. Hence the 
pyrimidine could have been removed as a thiazole-containing compound. 

Interpretation of Results. S. rolfsii grown in a solution containing 
a small amount of thiamine removed it fairly rapidly and synthesized 
thiazole which accumulated in large amounts in the solution. Sclerotium 
grown in a solution containing a large amount of pyrimidine combined it 
with the thiazole (synthesized by the fungus) to form thiamine which 
functioned in the metabolism of the fungus. When Sclerotium was grown in 
a solution containing a large amount of thiazole and a small amount ^of 
pyrimidine, the pyrimidine eventually disappeared from^the solution but 
only half of the thiazole could be accounted for. 


TABLE 3. The amount of thiazole and pyrimidine in m\imoles recovered from the 
mycclia of Phycomyces and Sclerotium and in the culture solutions in which these mycelia 
had grown for 17 and 31 days 


Fungus 

Solution 

Inter- 


17 days 

31 days 

mediate 

Mycelium Medium 

Mycelium 

Medium 


El 

thiazole 

pyrimidine 

0.00 

0.26 

0.00 

0.40 

0.06 

0.08 

0..50 

0.70 

Phycomyces 

E2 

thiazole 

pyrimidine 

0.76 

0.26 

15 

0.08 

1.04 

0.16 

15 

0.12 


E3 

thiazole 

pyrimidine 

0.00 

8.6 

0.00 

1.35 

0.09 

2.60 

0.07 

120 

Sclerotium 

El 

E2 

thiazole 

pyrimidine 

thiazole 

pyrimidine 

2.20 

0.44 

4.40 

0.36 

12.5 

0.16 

56 

0.12 




DISCUSSION 

Thiamine disappears from nutrient solutions in which certain fungi 
grow and is not completely recoverable from the mycelium; the thiazole 
portion of the thiamine molecule may be destroyed by some of these organ- 
isms. Several explanations for these observations are suggested in the follow- 
ing discussion. 

All organisms that have been studied either make thiamine or require an 
external source of it or its intermediates ; hence, it may be inferred that they 
have a carboxylase system. Thiamine as such or as cocarboxylase may be 
tightly bound by proteins in the mycelium and not removed by the method 
of extraction used. The pyrophosphate of thiamine, cocarboxylase, in con- 
junction with a protein forms carboxylase, an enzyme which decarboxylates 
pyruvic acid. That cocarboxylase and the protein are very firmly bound was 
shown by Horowitz and Heegaard (5) for pea root carboxylase and by 
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Westenbrink, Willebrands and Kamminj^ja (24) for yeast carboxylase. 
Horowitz and Heep:aard found that even denaturation of the protein by 
boilinjir it did not release all the cocarboxylase. Other proteins which bind 
cocarboxylase or thiamine to form nonfunctional (not carboxylase) systems 
have been demonstrated in certain yeasts (8) and in carp (30). Prom these 
results it is to be expected that part of the thiamine not found in the solution 
and mycelium was actually in the mycelium firmly bound to protein. Possibly 
the thiamine (about half of that put into the solution) which was neither in 
the solution in which Phytophthora grew nor extracted from the mycelium 
was bound to protein. Since no evidence for the destruction of pyrimidine by 
Phycomyces and Sclerotium was found, the pyrimidine missing from the 
solution and not recovered from the mycelium (table 3) could have repre- 
sented bound thiamine. Furthermore, although thiazole was synthesized by 
Sclerotium growing in the thiamine-plus-pyrimidine solution, it did not ac- 
cumulate in the solution; and at the same time 80 mpimoles of pyrimidine 
disappeared from the solution ; the thiazole and pyrimidine which were not 
in the medium could have been in the mycelium as thiamine or cocarboxylase 
bound to jirotein. Mucor ramannianns did not appear to destroy thiazole but 
what was removed from the solution containing 115 mpmoles of thiazole 
could have been coupled with pyrimidine synthesized by the fungus and 
removed as thiamine bound to protein. At least part of the bound co- 
carboxylase may be used in the normal metabolism of the fmigus. It seems 
probable that fungi contain carboxylase and remove thiamine from the 
solution in the same way as do pea roots and yeast. 

Another way by which thiazole and pyrimidine could have been removed 
from the solution in equimolecular amounts is by the formation of a com- 
pound inactive toward Phycomyces, such as thiochrome. Thiochrome occurs 
in yeasts and might be formed from thiamine by other fungi. 

Thiamine which has been hydrolyzed into thiazole and pyrimidine is 
thiamine destroyed so far as its usefulness to Phytophthora cinnamomi or 
any other organism which cannot synthesize thiamine from the intermediates 
is concerned. The large residual equimolecular amounts of thiazole and 
pyrimidine in the thiamine solutions in which Phytophthora grew probably 
represented hydrolyzed thiamine. The thiamine apparently was not split 
into thiazole and pyrimidine by the fupgus but was partially hydrolyzed 
during the preparation of the culture medium. 

A method of inactivating thiazole suggests itself. Phycomyces, Mucor, 
and Sclerotium possess an enzyme which forms a quaternary ammonium salt 
of thiazole with pyrimidine, namely thiamine. If the enzyme can function 
with a compound not pyrimidine, then quaternary ammonium salts of 
thiazole other than thiamine can be formed. Such compounds,* if they were 
as stable as the methiodide of thiazole (18), would be inactive in the growth 
of Phycomyces; and the thiazole in them would be considered to be destroyed* 
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Bonner and Buchman (2) have shown that Phycomyces blakesleeanus 
growing in a thiamine solution inactivated the thiazole and released func- 
tional pyrimidine. The inactivation occurred only when the thiazole was 
coupled to pyrimidine to form the quaternary ammonium salt, thiamine. 
They concluded that the inactivation of thiazole resulted from the opening 
of the quaternary thiazole ring adjacent to the 2-position. Destruction of the 
quaternary ammonium salt accompanied the destruction of the thiazole ring 
and released functional pyrimidine. A compound inactive toward Phycomy- 
ces was derived from the thiazole. Of the three fungi which synthesized 
thiamine from thiazole and pyrimidine, Sclerotinm and Phycomyces de- 
stroyed thiazole but only Phycomyces quickly destroyed small amounts^ of 
thiazole. Sclerotinm synthesized thiazole which did not rflways accumulate 
in the solution. The thiazole in the solutions which contained thiamine plus 
excess thiazole decreased to about one-half of the original amount. The 
missing thiazole could not liave been removed as a pyrimidine-containing 
compound; there w’as not nearly enough pyrimidine. It could have been 
destroyed by opening of the thiazole ring. The results for the thiamine and 
thiamine-plus-thiazole solutions in which Sclerotinm grew can be explained 
by assuming that the fungus synthesizes and destroys thiazole and that the 
rates are equal when there are about 60 mpmoles of thiazole in the medium. 
Destruction of thiazole is apparent when more than 60 mpmoles of thiazole 
are present per culture. It should be remembered that the concentration of 
thiazole in the mycelium and not the amount in the medium would regulate 
the rates of synthesis and destruction. 

Phytophthora cinnamomi did not synthesize thiamine from the inter- 
mediates or destroy thiazole, although Bonner and Buchman (2, footnote 
10) seemed to believe that Phytophthora destro 3 ^ed thiamine in the same way 
as Phycomyces does. They say: ^‘Preliminary experiments with Phy- 
tophthora indicate that this organism (which cannot combine thiazole with 
pyrimidine) also destroys vitamin with liberation of pyrimidine but does 
not attack uncombined thiazole.^’ They believed that pyrimidine accumu- 
lated in the solutions in which the Phytophthora grew. The accumulation of 
pyrimidine reported by them may have been more apparent than real be- 
cause their method of using Phycomyces to determine pyrimidine neglected 
the effect of excess thiazole on the growth of Phycomyces and gave valfles 
for pyrimidine that were from two to three times as high as they would 
have been by the methods used in this investigation. 

If the destruction of thiazole resulted from the use of thiamine in enzyme 
systems in the protoplasm,' other organisms would be expected to destroy it 
as Phycomyces does. Since Phytophthora (and possibly Mucor) did not 
destroy thiazole, it would appear that the use of thiamine in its fundamental 
role as a part of the enzyme system of an organism differs from the process 
by which thiazole is destroyed by an organism like Phycomyces, This indi- 
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cates that the mechanisms by which thiamine functions in the life processes 
of Phytophthora are distinct from the mechanisms by which thiazole is 
destroyed by Phycomyces. It is of particular interest to note that, of the 
organisms studied, two of those which synthesize thiamine ffom thiazole and 
pyrimidine, namely, Phycomyces and Sclerotium, destroyed thiazole and the 
one, Phytophthora, which cannot synthesize thiamine from its intermediates 
did not destroy thiazole. This suggests that the mechanism of destruction of 
thiazole may be closely related to the synthesis of thiamine from the inter- 
mediates. 

Two enzyme systems in Phycomyces seem to compete for thiamine: 
carboxylase and the enzyme responsible for the destruction of thiazole. 
When the growth of Phycomyces is limited only by the amount of car- 
boxylase that can be formed, destruction of thiamine results in reduced 
growth. Phycomyces grows better if thiazole is added to thiamine because 
the thiazole is combined with pyrimidine, which is an end product of the 
destruction of thiamine, to form more thiamine so that the effective amount 
of thiamine is greater than the amount originally present (2). The amount 
of growth obtained in the presence of added thiazole is limited to that ob- 
tained when all the pyrimidine has been linked as cocarboxylase to a protein 
to form carboxylase. The analyses indicate that in solutions containing small 
amounts of thiamine about one-half of it is destroyed by Phycomyces. It 
seems possible that Phycomyces could be placed at unfavorable temperatures 
at which growth would be reduced or stopped but at which destruction of 
thiamine might continue. 

Mncor ramannianns, in contrast to Phytophthora and Phycomyces, can 
meet its thiamine requirements if it is given thiazole because it makes 
pyrimidine and couples the two intermediates to form thiamine. Whether 
or not Mucor destroys thiazole as Phycomyces does was not demonstrated 
by the methods used. Sclerotium rolfsii differs from the other three fungi in 
its ability to synthesize thiazole but is like Phycomyces in its ability to 
destroy it. 

The four fungi differed greatly in their response to 1 mpmole of thiamine ; 
they gave maximum dry weights ranging from 40 to 1240 mg. Does this 
mean that different organisms have greatly different ratios of carboxylase 
to living protoplasm ? Or does it mean that in one organism the cocarboxylase 
is firmly bound to its protein while in another as the old parts of the 
mycelium die the cocarboxylase is released and can be used to form new 
protoplasm? Another possibility is that organic substances, in addition to 
thiamine, limit the growth, though the influence of different anH)unts of 
mineral elements must not be overlooked (16). The effect of the concentra- 
tion of minerals on mobility of cocarboxylase and destruction of thiamine 
is worth investigating. 
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SUMMARY AND CONCLUSIONS 

1. Phycomyces hlakesleeanus destroyed thiamine with the liberation of 
pyrimidine and destroyed thiazole. An excess of thiazole added to a thiamine 
solution increased growth but an excess of pyrimidine did not influence 
growth. 

2. Phytophthora cinnamomi, apparently, utilized thiamine without de- 
stroying thiazole or pyrimidine. No more pyrimidine than thiazole accumu- 
lated in the medium. Growth in a thiamine solution was not influenced by 
the amount of thiazole or pyrimidine in the solution. 

3. Mucor ramannianus, when grown in a solution containing thiamine or 
one containing thiamine and thiazole stopped growing before more than fialf 
the thiazole was removed. M. ramannianus synthesized 'pyrimidine. Good 
growth was obtained only in solutions containing a large amount of thiazole. 

4. Sclerotium rolfsii, grown in solutions containing thiamine, synthe- 
sized considerable amounts of thiazole. Sclerotium apparently destroyed 
thiazole. This fungus grew much more in the thiamine solution than any of 
the other fungi. 

5. The four organisms used in this work have thiamine requirements that 

are not influenced by the composition of the medium. All of them except 
Mucor grew better in the dilute than in the concentrated mineral solution. 
When the solution contained a large amount of thiazole, Mucor grew best 
in the strong mineral solution. ' 

6. The destruction of thiazole may not be related to the use of thiamine 
in metabolism but rather to the ability of the fungus to synthesize thiamine 
from the two intermediates. 

I wish to express my thanks to Dr. W. J. Robbins for his helpful sugges- 
tions and criticisms during this investigation. 
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17: 465-472. /. 1-3. J1 1942. 

Jones, W. W. Respiration and chemical changes of the papaya fruit in relation 
to temperature. Plant Physiol. 17: 481-486. f. 1, S. J1 1942. 

Mlchener, H. D. Dormancy and apical dominance in potato tubers. Am. Jour. 
Bot. 29: 558-568. /. 1, J1 1942. 

Montermoso, J. 0. ft Davis, A. B. Preliminary investigation of the rhythmic 
fluctuations in transpiration under constant environmental conditions. 
Plant Physiol. 17: 473-480. /. /, J1 1942. 

Osterhout, W. J. V. Increased irritability in Nitella due to guanidine. Jour. 
Gen. Physiol. 26: 65-73. 20 8 1942. 

Beed, H. 8. ft Dufrenoy, J. Catechol aggregates in the vacuoles of cells of zinc 
deficient plants. Am. Jour. Bot. 29: 544-551. f. 1-8. J1 1942. 

8eUei, J, et al. Effect of fluorescein on plant growth. Am. Jour. Bot. 29: 
513-522. f. 1-3. J1 1942. 

8koog, F., 8chneider, C. L. ft Blalan, P. Interactions of auxins in growth and 
inhibition. Am. Jour. Bot. 29: 568-576. f. 1-1. J1 1942. 

8mith, G. F. ft Kersten, H. Root modifications induced In Zea mays seedlings 
by irradiating dry seeds with soft x-rays. Plant Physiol. 17: 455-464. 
/. 1-W. J1 1942. 

8teward, F. 0., Prevot, P. ft Harrison, J. A. Absorption and accumulation of 
rubidium bromide by barley plants. Localization in the root of cation 
accumulation and transfer to the shoot. Plant Physiol. 17: 411-^21. /. 
i, J1 1942. 

Thimann, K. V. Growth hormones in plants. Smiths. Inst. Ann. Report 1941: 
393-400. pi. 7, 2. 1942. 

8tewart, W. 8. ft 8tuart, N. W. The distribution of auxins in bulbs of Lilium 
longiflorum. Am. Jour. Bot. 29: 529-532. /. 1-4. J1 1942. 

Trelease, 8. F. Identification of selenium indicator species of Astragalus by 
germination tests. Science 96: 656-657. 26 Je 1942. 

Trelease, 8. F., Greenfield, 8. 8. ft Di8omma, A. A. Absorption of selenium by 
corn from Astragalus extracts and solutions containing proteins. Science 
96: 234, 235. 4 S 1942. 

Zscheile, F. P. et al. The preparation and absorption spectra of five pure caro- 
tenoid pigments. Plant Physiol. 17: 331-346. f. 1-4. J1 1942. 

MYCOLOGY AND PHYTOPATHOLOGY 

AJello, L. Polychytrium : a new Cladoehytriaceous genus. Mycologia 34: 442- 
451. /. 1-16. 1 Au 1942. 
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Aide, W, R. Studies in the genua Tricholoma — I. Mycologia 34: 416-423. 
A 1-fJ. 1 Au 1942. 

Armstrong, Q, M., Hawkins, B. 8. A Bennett, 0. 0. Cross inoculations with iso- 
lates of fusaria from cotton, tobacco, and certain other plants subject to 
wilt. Phytopathology 32: 685-698. Au 1942. 

Bessey, £. A. Some problems in fungus phylogeny. Mycologia 34: 355-379. 
/. 1-.5. 1 Au 1942. 

Bonde, B. et ah Resistance of certain potato varieties and seedling progenies to 
ring rot. Phytopathology 32: 813-819. S 1942. 

Ohilton, 8. P. Cercosporella eyespot of Kentucky bluegrass. Phytopathology 
32: 737-739. /. i. Au 1942. 

Ohrlstensen, 0. M. Two cases of unusual development of fruit bodies. Myco- 
logia 34: 400-402. /. 1-3, 1 Au 1942. $ 

Christensen, 0. M. A Kaufert, F. H. A blue-staining fungus inhabiting the 
hcartwood of certain species of conifers. Phytopathology 32: 735-737. 
/. 1. Au 1942. 

Christensen, C. M. et ah Uormodendrum reainae (Lindau), an inhabitant of 
wood impregnated with creosote and coal tar. Am. .Tour. Bot. 29: 552-558. 
/. 1-^. J1 1942. 

Couch, J. N. A Whlffen, A. J. Observations on the genus KlnutocladielUu Am. 

Jour. Bot. 29: 582-591. /. 1-G6. J1 1942. 

Davidson, B. W., Campbell, W. A. A Vaughn, D. B. Fungi causing decay of 
living oaks in the eastern United States and their cultural identification. 
U. S. Dept. Agr. Tech. Bull. 785: 1-65. pi 1-3. Ja 1942. 

Davis, J. J. Parasitic fungi of Wisconsin. 1-57. Madison, privately printed. 1942. 
Emmons, C. W. Cocridioidomycoitis. Mycologia 34: 452-463. f. 1-18, 1 Au 1942. 
Fitzpatrick, H. M. Revisionary studies in the Uoryiieliaceae. Mycologia 34: 
464-488. /. 1-4S. 1 Au 1942. 

Flor, H. H. Inheritance of pathogenicity in Melampsora Uni. Phytopathology 
32: 653-669. /. i, Au 1942. 

Frampton, V. L., Linn, M. B. A Hansing, E. D. The spread of virus diseases of 
the yellows type under field conditions. Phytopathology 32: 799-808. f. 
1-6. S 1942. 

Friedman, B. A. A Francis, T, Gall formation by Phytomonas tumefacienH 
extract and indole-3-acetic acid in cultures of tomato roots. Phytopathology 
32: 762-772. /. 1-4. 8 1942. 

Q-arcia-Bada, Q-. et ah An unusually virulent race of wheat stem rust, No. 189. 

Phytopathology 32: 720-726. /. 1, Au 1942. 

Hosier, L. B. Notes on southern Appalachian fungi, I. Jour. Tenn. Acad. 17: 
242-249. /. 1-4. J1 1942. 

BUldebrand, E. M. Indexing cherry yellows on peach. Phytopathology 32: 712- 
719. /. 1-^. Au 1942. 

Hildebrand, E. M. Prune dwarf. Phytopathology 32: 741-751. /. 1-5. S 1942. 
Hirschhom, E. Adiciones y correcciones a las especies del genero Ilstilago en la 
Argentina. Soc. Cien. Arg. 133: 217, 218. 1942. 

Holmes, F. O. A comment on Dr. Johnson’s ** Virus nomenclature and commit- 
tees.” Chron. Bot* 7: 201, 202. S 1942. 

Hotson, H. H. Some species of Papulaapora associated with rots of Gladiolus 
bulbs. Mycologia 34: 391-399. /. 1-B. 1 Au 1942. 
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Hwang, L. The effect of light and temperature on the viability of urediospores 
of certain cereal rusts. Phytopathology 32: 699-711. Au 1942. 

Johnston, 0. L. ft Greaney, F. J. Studies on the pathogenicity of Fusarium 
species associated with root rot of wheat. Phytopathology 32: 670-684. 
Au 1942. 

King, 0. J. ft Presley, J. T. A root rot of cotton caused by Thielaviopsis ba»i- 
cola. Phytopathology 32: 752-761. /. J-5. 8 1942. 

LeOlerg, E. L., Person, L. H. ft Meadows, S. B. Further studies on the tempera- 
ture relations of sclerotial isolates of Rhizoctonia solani from potatoes. 
Phytopathology 32: 731, 732. Au 1942. 

Lefebvre, 0. L. Claviceps yanagaumensu in imported seed of Japanese lawn 
grass. Phytopathology 32; 809-812. /. 7, S 1942. 

Lindgren, B. M. Temperature, moisture, and penetration studies of wood-stain- 
ing CeraioHtomella in relation to their control. U. 8. Dept. Agr. Tech. Bull. 
807 ; 1-35. pi 1-3. Mr 1942. 

Machacek, J. E. ft Brown, A. M. Preliminary investigations on mechanical 
injury in flax seed. Phytopathology 32: 733, 734. Au 1942. 

McKenzie, M. A. Experimental autoecism and other biological studies of a gall- 
forming peridermium on northern hard pines. Phytopathology 32: 785- 
798. /. 1. 8 1942. 

Porter, J. N. The mycorrhiza of Zeuxine ittrateumaiiea. Mycologia 34: 380-390. 
/. 1-6. 1 Au 1942. 

Seayer, F. J. Photographs and de.scriptions of cup-fungi — XXVII. Pezicula 
pur puraftcf rift. Mycologia 34: 412-415. /. 1, 1 Au 1942. 

Shlfriss, O., Myers, C. H. ft Chupp, 0. Resistance to mosaic virus in the cucum- 
ber. Phytopathology 32: 773-784. /. 7-/. 8 1942. 

SneU, W. H. New proposals relating to the genera of the Boletaceae. Mycologia 
34: 403-411. f. 1. 1 Au 1942. 

Snell, W. H. The production of sporidia of Cronartiurn ribicola on cultivated 
red currants in relation to infection of white pine. Am. Jour. Bot. 29: 506- 
513. J1 1942. 

Thatcher, F. S. A stem-end rot of potato tubers caused by Rhizoctonia solani. 
Phytopathology 32: 727-730. /. 7, 3, Au 1942. 

Voorhees, B. K. Life history and taxonomy of the fungus Physalospora Hhodina. 
Fla. Exp. Sta. Bull. 371: 1-91. /. 1-16. My 1942. 

GENETICS 

(including cytogenetics) 

(See also under Taxonomy: Mangelsdorf & Cameron) 

Johnson, D. A. Chromosomes of Jamesianthus. Rhodora 44: 280. /. 1. 7 Au 1942. 

Lesley, J. W. ft Lesley, M. M, A hereditary variegation in tomatoes. Genetics 
27: 550-560. f. 7, 8 1942. 

Scott, D. H. ft CulUnan, F. P. The inheritance of wavy-leaf cliaracter in the 
peach. Jour. Hered. 33: 293-295. f. 8, 9. Au 1942. 

Swanson, 0. P. The effects of ultraviolet and x-ray treatment on the pollen tube 
chromosomes of Tradescantia. Genetics 27: 491-503. pi. 1. 8 1942* 

Thompson, B. 0. An amphidiploid Lacinca. Jour. Hered. 33: 253-264. f. 5-9. 
J1 1942. 
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(including biography) 

Asmous, V. 0. Eduard von Eegel (1815-1892) and his contribution to botany 
and horticulture in Huasia. Chron. Dot. 7: 199, 200. port, 8 1942. 

Baldwin, H. 1. Forest tree seed of the north temperate regions with special 
reference to North America, i-xvi, 1-240. /. 1-^8, Chronica Botanica, 
Waltham, Mass., 1942. 

Campbell, D. H. Evolution of the land plants. 8ci. Monthly 66: 99-113. illustr, 
Au 1942. 

Coolidge, H. J. Notes on conservation in the Americas. Chron. Bot. 7: 155- 
163. J1 1942. 

Ewan, J, Bibliographical miscellany — ^IV. A bibliogeographical guide to the 
Brandcgee Botanical Collections. Am. Midi. Nat. 27: 772-789. My 194%. 
Fuller, H. J. The plant world, a text in college botany. Ne*v York, Holt, i-xi, 
1-592. /. 1S06. 1941. 

Greulach, V. A. Stephen Hales — ^pioneer plant physiologist. Sci. Month. 66: 
52-60. J1 1942. 

Haggis, A. W. Fundamental errors in the early history of Cinchona, Bull. 

Hist. Medicine 10: 417-459. illusir. O 1941.* 568-592. illustr. N 1941. 
House, H. D. Bibliography of the botany of New York State 1751-1940. Part 
2. N. Y. State Mus. Bull. 329: 177-233. Jc 1942. 

Howell, J. T. Concerning David Douglas. Lca^l. West. Bot. 3: 160-162. 21 
J1 1942. 

Johnston, £. D. Doctor William Houston, Botanist. Georgia Historical 
Quarterly 26: 1-15. 1942. 

Knopf, O. S. The significance of certain plant names. Madrono ^6: 209-211. 
20 J1 1942. 

Larsen, E. L. Pchr Kalm^s observations on black walnut and butternut trees. 
Agr. Hist. 16: 149-157. J1 1942. 

Melhus, I. E. Ormond Rourkc Butler 1877-1940. Phytopathology 32: 447- 
450. port. Je 1942. 

Modlibowska, I. Bimodality of crowded pollen tubes in Primula ohconica. 

Jour. Hered. 33: 187-190. f, 9, 10, My 1942. 

Beddlck, D. Ivan Claude dagger 1889-1939. Phytopathology 32: 549-553. 
port. J1 1942. 

Bodgers, A. D. John Torrey; a story of North American botany. 1-352. 
Princeton Univ. Press. Princeton. 1942. 

Steam, W. T. Dates of publication of DeCandolle’s ^ ^ Prodromus. ^ ^ Candollea 
8: 1-4. Au 1939. 

Steere, W. 0. Francisco Mariano Pagfin, 1896-1942. Bryologist 46: 73-76. 
port. Au 1942. 

Suydam, A. B. Early botanists of Rochester and vicinity and the Botanical 8c!h- 
tion. Part II. Proc. Rochester Acad. 8: 124-149. illustr. 10 8 1942. 
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Abies amabilis 266; balsamea 647, 650- 
653; grandis 266-270, 273-275; lasio- 
carpa 266, 273; nobilis 273-275 
Absidia glauca 502, 598-599, 612; orchidis 
596, 598; spinosa 480, 488, 492, 498- 
502, 506-601, 612, 614 
Abuta brevifolia 160; candollei 160; Co- 
lumbiana 159; grandifoUa 159; grise- 
bachii 159; giiyanensis 160; imene 159; 
obovata 158; rufescens 159; selloana 
159; vclutina 159 

Acacia melanoxylon, Culture of isolated 
roots of 130 
Acalypha virginica 286 
Acanthopappus sphaeroccphalus 110; var. 
hirtellus 105 

AcanihorhynchuH vaccinii 257-260 
Acer circinatum 266; macrophyllum 266; 
pcnnsylvanicum 650, 653, 656; platano- 
ides 425; rubrum 425, 648-653; sac- 
charum 422, 647, 650-653; spicatum 
650-653 

Achras zapota^ Response in latex yield of 
to ibidem method of tapping 553-560 
Achyronychia cooperi 108, 110 
Acnida tamariscina 287 
A conit um noveboracensis 235-239; trans- 
sectiim 236; uncinaium 235-239; vul- 
paria 236 

Acrocarpus humilis 297 ; polyphyllus 297 
Actinomyces alb us 21-26, 509; annulatus 
257-260; flavovirens 257-260; gougeroti 
257-260; halstedii 257-260; madurae 
257-259; viridochromo genus 257-260, 
569-571 

Actinomycetes 21, 257, 569 
Aescnlus hippocastanum 425 
Agar, Thiamine content of 11 
Ageratum conyzoides 286 
Agropyron cristatum 436; junceum 436; 
repens 436, 437; var. glaucescens 436; 
spicatum 434-437 

Agrosiis hiemalis 463; longifoUa 463; 
michauxii var. laxiflorum 463; serotina 
463 ; sylvatica 463 ; virginica 463 
Albrecht, Wm. A., and R. A. Schkoeder; 
Plant nutrition and the hydrogen ion — 
III. Soil calcium and the oxalate content 
of spinach 561 

Albxopoulos, Const. J., and J. Arthur 
Herrick: Studies in antibiosis between 


bacteria and fungi — III. Inhibitory 
action of some Actinomycetes on various 
species of fungi in culture 257; Thia- 
mine production by Actinomyces virido- 
chromogenus 569 
Alnus rubra 266 
Alternaria solani 258, 259 
Althaea rosea 338 
Alyssim dent at um 469 
Amaranthus defiexus 287 
Ambrina ambrosioides 286 
Ambrosia elatior 287; trifida 287 
Amelanchier canadensis 650-653; florida 
267 

American Botanical Literature, Index to 
65, 162, 249, 323, 400, 471, 544, 617, 692 
Ammannia coccinea 287; dentifera 387, 
395; koehnei 387, 395; latifolia 398 
Ampelopsis arborea 287 
Anacardiaceae, A new genus from Colom- 
bia 442 

Analysis of the wood of the three com- 
mercial species of white pine 573 
Ananas sativa 332 

Anemone cylindrica 468; nudicaulis 385 
Annual plants, dependence on shrubs 100 
Anomospermum chloranthum 158; reticu- 
latum 158; schomburgkii 158; ulei 160 
Antennaria borealis 431; isolepis 431; 
media 431 

Anthophytnm pictum 332 
Antibiosis 257 
Aralia nudicaulis 655 
Arbutus menziesii 267 
Archilejeunea porelloides 631 
Arcteranthus cooleyae 377 
Arctostaphylos myrtifolia 137 
Arracacia sclmeideri 151, 152; vaginata 
152 

Artemisia tridentata 434 
Arundinaria tecta 286 
Arundo coarctata 463 
Asa Gray’s earliest lK)tanical publications 
461 

Asclepias syriaca 335, 339 
Ascorbic acid in cowpea plants 204-218 ; 
522-527 

Ashbya gosaypii 12 
Aspergillus niger 12 

Aspidium aoroatichoides var. inciaum 468; 
apinuloaum var, intermedium 655 
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Aster abaUis 104, 110 ; infirmus 655 

Astragalus whitedii 434 

Atriplex hymenelytra 110; lentiformis 109 

Bacillus radicicola 11 

Baldwin, J. T., Jr.: Cytogeography of 
Oxydendrum arhoreum 134 
Balmea 438 ; stormeae 438’-441 
Balsamorhiza sagittata 149, 434 
Barkley, Fred A.; A new genus of the 
Anacardiaceae from Colombia 442 
Basidioholus tanarum 607 
Batrachium aquatile 381; var; caespitosum 
383; var. capillaceum 381; var. flacci- 
dum 383; var. pantothrix 383; var. 
trichophyllum 381; halceri 381, 383; 
circinatum 385; var. terrestre 385; con- 
fervoides 383; eradicatum 383; gray- 
anum 384; lohbii 381; peduncnlare 381, 
382; porteri 381; trichophyllum 381; 
var. caespitosnm 383 
Bauhinia purpurea 132, 133 
Becicwithia andersonii 379; austinae 379; 
juniperina 379 

Begonia^ Stem rot of 92 ; dregei 92 ; Iloydii 
93, 98, 99; scharfflana 335, 336; sclimidt- 
iana 335; semper florens 92, 93, 98, 99; 
socotrana 92; tuberhybrida 92, 98 
Benson, Lyman: North American Ba- 
nuiiculi — IV 298; V 373 
Berchemia scandens 284-286 
Bernardia fasciculata 454-456 
Betula lutea 647, 650, 651, 653, 657 ; papy- 
rifera 647, 650, 651, 653-659; populi- 
folia 650-652 
Bidens frondosa 287 
Bignonia radicans 284, 286 
Blakeslee, a. F., Eva R. Sansome, and 
S. Satina: Disintegration of ovules in 
tctraploid diploid and in incompatible 
species crosses in Datura 405 
Blaheslea trispora 480, 495, 496, 500, 502, 
506, 594, 601, 612 
Boehmeria cylindrica 287 
Bonner, James: Culture of isolated roots 
of Acacia melanoxylon 130 
Botanical literature. Index to American 
65, 162, 249, 323, 400, 471, 544, 617, 692 
Botrytis cinerea 94, 258, 259 
Brachiomonas simplex 661 
Bradburya unifoliata 387, 391' 

Bromus rubens 107, 108; tectorum 434 
Brown, Walter: Panlcum bennettense, 
a new species from North Carolina 539 
Brunnichia cirrhosa 285, 287 


Bryophyllum crenatum 333 
Burkholder, P. R., and A. G. Snow, Jr.: 
Thiamine in some common American 
trees 421 

Calamagrostis cinnoides 463 ; coarctata 
463, 464; expansa 464 
Calamovilfa longifolia 221 
Calandrinia polyandra 455 
Calendula officinalis 335, 336, 338 
Calyptocarpus vialis 286 
Calyptridium monandrum 107 
Camellia japonica 421 
Camp, W. H.: Studies in the Ericaless A 
new name in blueberries 240 
Campanula lasiocarpa 431, 432; parryi 
241; var. idahoensis 241, 242; var. 
parry! 241, 243; macdougalii 243; pctio- 
Uita 243; rot undifolia 243; sacajaweana 
243 

Capparis incana 389; yucatanensis 389 
Carex blepharophora 467, 468; chordor- 
rhisa 470; communis 465; debilis var. 
rudgei 655; hit chcockiana 470; intumes- 
cens var. globularis 467, 468; laxiculmis 
465; Uvula 476; oligocarpa var. latifolia 
465; pensylvanica var. muhlenbergii 465 
Cassia itzana 390; Jalapensis 391; yuca- 
tanensis 391 ' 

Castahopsis chrysophylla 267 
Catalpa speciosa 7 
Cattleya labiata var. mossiae 167 
Caulanthus coopcri 102, 104, 108, 112, 113; 

lasiophyllus 103, 108, 113 
Ceanothus amcricanus 469; intcrmedius 
469; ovalis 469; sanguineus 267 
Cellis mississippiensis 284, 285, 287 ; pete- 
nensis 387 ; swartzii 387 ; trinervia 387 
Central America, undescribed plants from 
387 

Centrosema unlfoUatuxn 391 

Cephalocarpus 290 ; clarkei 291, 297 ; 

comatuH 291, 297; confertiis 293; dra- 
caenula 290, 291, 293, 294; humilis 291, 
297 ; llnearlifolius 293-295 ; longibracte- 
atus 291, 293, 294, 296; polyphyllus 291, 
297; rigidus 291, 293, 295, 296; var. 
typicus 293, 294, 296; var. mucronatus 
293, 294, 296; schenckianus 297 
Oephalomonas, a new genus of the Volvo- 
cales 661, 667 ; granulata 665, 668 
Ceratostomella, Vitamin deficiencies of 
184; fimbriata 185; ips 184-203; mon- 
Hum 185-203; piceaperda 185-203; pini 
184-203; pseudotsugae 185-203; ulmi 
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185-203, 342-351; specificity of pyri- 
doxine for 342 

Cerothamnus ceriferus 284, 286 
Chaenaciiit fremontii 107, 108, 112 
Chamaecyparis nootlcaienttia 266 
Chamaesyce humistrata 287 
Chenopodium album 286 
Chimaphila umhellata 655 
Choanephora cncurbitarum 503 
Chondodendron limaciifolium 156; plati- 
phyllum 156; polyanthum 157; tomento- 
carpnm 156; tomentoaum 156; toxi- 
coferum 156, 157 
Chorizanthe brevicome 108 
Chromosome studies in Sedum, submenus 
Gormania, section Eugormania 41 
Chromosomes of Aeon it urn 235 
Cirsium horriduhm 286 
Clausen, Robert T.: Studies in the Cras- 
sulaeeae — III. Sedum, subgonus Gor- 
mania, section Eugormania 27 
Clint on ia horealia 655 
Coldenia canescena 542 
Coletotrichum gloeoaporioidea 257, 260 
ColUmia rawaoniana 137 
(’ONSTANCK, Lincoln, and Mildred E. 
Mathias: New combinations and new 
names in the Umbelliferae 244; new 
North American Umbelliferae 151 
(’ooPER, William 8.: An isolated colony 
of plants on a glacier clad mountain 429 
Coptidium lapponicum 385 
Copt in trifoliata 655 

Cornua alba 586; var. anguatipetala 587; 
var. behnschi 587 ; var. coloradenaia 587 ; 
var. data 587; var. clongaia 587; var. 
nitida 587 ; vur. aplendens 587 ; subsp. 
baileyi 588; subsp. stolonifera 587; al- 
terni folia 654; amomum 584-586, 588; 
baileyi 583, 586, 588; calif ornica 583, 
586, 589; var. nevadenaia 89; canadenaia 
655, 657, 658; florida 425, 426; heaaei 
586; inatolonca 583, 587; interior 583, 
586, 588; nelaoni 583, 587, 588; occiden- 
talia 267, 583, 586, 589; pubeacens 583, 
589; var. calif ornica 589; purshii 587; 
aericca 583-587; subsp. occidentalis 589; 
vnr. occidentalis 589; f. calif omica 589; 
f. occidentalis 589; subsp. stolonifera 
587; f. baUeyi 588; f. califomica 589; 
f. interior 588; f. stolonifera 587; 
atolonifera 583-587; var. angustipetala 
587 ; var. baileyi 588 ; var. hehnachi 587 ; 
var. c<ilif ornica 589 ; var. coloradenaia 
587; var. data 587; var. elongata 589; 


var. ftaviramea 587; var, interior 588; 
var. nitida 587 ; var. riparia 587 
Cortinarius aggregaUia 45, 47, 57, 58; 
albidifoliua 59; albidua 45, 48; alerui- 
oamua 48, 51; allutua 55; amnicola 45, 
46, 48, 49; arenlcola 45, 46, 48-50; 
armillatua 62, 63; arquatua 45, 46; 
atkinaonianua 45-47, 54; boudieri 45, 46, 
51; caeruleacena 45, 46, 50, 52, 54; 
caeaiocyaneua 45, 46, 54; calochrous 45, 
46, 48, 49; calyptratua 45, 46, 52; calyp- 
trodermus 45, 46, 51-54; cedretorum 
45, 46, 47; citrondlua 45, 47; cltrin- 
Ipedes 45, 46, 54, 5p; claricolor 58, 60; 
corrvgaiua 45, 46, 47, 57; dibaphua 50; 
dionyaae 50; elegantioidea 45, 47; de- 
gantior 45, 47; fulgena 44, 45, 47; ful- 
mineus var. anlphureua 45, 47 ; fmnosi- 
folius 60, 63, 64; glaucopoidea 45, 47; 
glaucopua 45, 47, 55, 58; haematochelia 
62; herpeticua 45, 47; intruaua 45, 47; 
lilacinopea 45, 46; luatratus 59; luteo- 
armillatus 59; metariua 45, 46; michi- 
ganenaia 45, 47, 54; montanua 45, 47; 
multiformia 45, 48; nappua 57; nemo- 
roaus 50; obliquua 60, 61; occidentalis 
45; olivaceoat famine ua 45, 47; olympi- 
anus 45, 47, 50 ; orichalceua 45, 47 ; para- 
gaudia 63; parkaianua 45, 46; praestana 
52; praainus 45, 47; purpurascena 45, 
46; purpureophyllus 45, 46, 51; rickeni- 
amis 51; rubena 45, 47; acaurus 45, 47; 
sebaceuH 59; aodagnitus 50; aphaero- 
apermua 45; squalidus 45, 47, 55, 56; 
aubfulmineua 44; subglaucopua 44; aub- 
lateritius 45, 48; subpurpuraacens 45; 
subpurpureophyllua 45, 46; subsolitarius 
45, 47, 56-58; auhteafaceus 61-63; tri- 
umphana 59; vdicopia 45, 46, 55; vere- 
gregius 63; virentophyllus 45, 47; volva- 
tua 45, 47 

Corylua calif ornica 267; roatrata 654 
Cotyledon brittoniana 37; burnEamii 31; 
glandulifera 33, 40; mendocinoana 39; 
obtuaata 31; oregonenais 28; retuaa 39; 
yoaemitenaia 31 
Couma guatemalensia 557 
Cowpea, Ascorbic acid in 204-218, 522-527 
Orassulaceae, Studies in 27 
Orataeva glanea 389 ; gynandra 390 ; tapia 
390 

Crataegus douglasii 267 
Cboizat, Leon ; New ai>d critical Eu- 
phorbiaceae, chiefly froih the south- 
eastern United States 445 
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Croton alhinoidcH 447-451; andinua 448; 
herlandieri 451; calif ornicus 446; eapi- 
tat us 286, 447-451; coryi 446, 457; 
elliottii 448; engelmannii 447-450; var. 
alhinoides 447, 448; gracilis 446; ju- 
cundus 452; lindheimeri 447-451; lute- 
ovirens 446; muelleri 448, 449; muri- 
catus 446; neomexicantis 446; parksii 
445-447, 457; pedicellatus 448; punc‘ 
tatus 446, 448; suhjucundus 451, 457; 
soliman 452; sonorae 452; tenuilohun 
448; texensis 446 

Cryptangium comatum 297 ; dracaenula 
290, 294; schenckianum 297; strictum 
290, 291, 297 

Cryptanthe micrantha 108 
Culture of isolated roots of Acacia mela- 
noxylon 130 

Curtis, John T., and Bobebt E. Duncan, 
Intermittent growth of fruits of Cypri- 
pedium and Paphiopedilum. A correla- 
tion of the growth of orchid fruits with 
their internal development 353; Inter- 
mittent growth of fruits of Phalaenopsis. 
A correlation of the growth phases of an 
orchid fruit with internal development 
167 

CuHCuta deltoidea 543; gracillima 543; 
lacerata 543; runyonii 541; salina var. 
papiUata 543 ; serruloba 542 
Cutter, Victor M., Jr.: Nuclear beliavior 
in the Muco rales — I. The Mucor pattern 
480; II. The Phizopvs, Phycomyces, and 
Hporodinia patterns 592 
Cusickia minor 246 
Cymopterus anisatus 248 
Cynapium higelovii 246 
Cynoctonum mitreola 286 
Cynodon dactylon 287 
Cyperus rrythrorhizos 287 ; esculent us 286, 
287, 289; fllicinvs microdontus 287; 
grayii 464 ; inflexus 287 ; mariscoides 
var. setifolius 464; virens drummondii 
287 

Cypripedium andrewsii 354, 356; barha- 
turn 353; ealceolus 353, 354; parviflorum 
353 ; puhescens 354-357 ; punctatum 
353; reginae 354, 355; veitchianum 353 
Cyrtorhynchus cymbalaria 375; neglectus 
376; nuitalUi 377; rannncvlina 376, 377; 
rupestris 376, 377 ' 

Cystoseira osmundaoea 533 
Cytogeography of Oxydendrum arboreum 
134 

sohottii 103, 104 
Paiibarda repens 655 


Daphne odora 421 

Datura ceratocaula 416, 418, 419; metcl 
416, 418, 419; stramonium 405-420 
Day, Dorothy: Thiamine content of agar 
11 

Delphiniunif The genus in North America 
137-150; amabile pallidum 143; baker! 

144, 145; bicolor 146; burkei 147, 148; 
subsp. dlstichiflonun 149 ; caprorum 

145, 146; geyeri 150; glareosum 146; 
glaucum 147; greenei 147; hanseni 137, 
138, 141-143 ; hanseni arcuatum 139- 
142; hanseni hanseni 140-142; hanseni 
kernense 139, 143; hesperium 137, t38, 
140; megacarpum ^150; nudicaule 146; 
nudicaule f. elatum 146; occidentale 
147; parishii 105, 109, 110, 113; parryi 
var. montanum 147; patens subsp. 
greenei 147 ; subsp. montanum 147 ; 
purpusi 137, 142; scopulorum 147, 148; 
simplex 147, 148; simplex var. distich i- 
florum 149; trollifolium 144; umatil- 
lense 149, 150; varicgatum 138, 141 

Dendrobium nobile 167 
Dendroctonus brevicomis 185; frontalis 
184; monticolac 185; piceaperda 185; 
pseudotsngae 185 

Denslow, Herbert McKenzie 479 
Dependence of certain uniTual plants on 
shrubs in southern California deserts 100 
Development of sporelings in the Lejeune- 
aceae 627 

Diervilla loniecra 317-322; var. hypoma- 
laca 318-322 
Digitaria sanguinalls 286 
Diodia virginiana 286 
Diospyros virginiana 284 
Disintegration of ovules in tetraploid- 
diploid and in incompatible species 
crosses in Datura 405 
Dodge, B. O.: Heterocaryotic vigor in 
Neurospora 75 

Draba arabizans 469; dentata 469; glabri- 
uscula 468, 469; incana 468; ramosis- 
sima 469 

Dracocephalum parviflorum 469 * 

Dracopus amplexieaulis 286 
Dudleya californica 333 
Duncan, Robert E., and John T. Curtis: 
Intermittent growth of fruits of Cypri- 
pedium and Paphiopedilum, A correla- 
tion of the growth of orchid fruits with 
their internal development 353; Inter- 
mittent growth of fruits of Phalaenop- 
sis, A correlation of the growth phases 
of an orchid fruit with internal develop- 
ment 167 
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Dnssla coriacea 590; cuscatlantica 591; 
sanguinea 591 

Echeveria hrittonii 31; eximia 334, 335, 
338 ; gormannii 37 ; hallii 31 ; ohtuaata 
31; wataonii 35 

Echinochloa colona 287 ; crus-galli mitia 
286; walteri 287 

Effect of Actinomyces alhua and of thia- 
mine on the growth of Trichophyton 
diacoidea 21 

Effect of variations in light intensity, 
length of photoperiod, and availability 
of nitrogen upon accumulation of as- 
corbic acid in co\v])ea plants 204 
Elissarhena grandifolia 160 
Elliaia micrantha 111 

Elongation of primary roots of Vida faha 
221 

Elymua condenaatua 434 
Embryo of Hordeum sativum 360 
Emmmanthc pendnliflora 103, 107 
Kncelia farinoaa 103, 104, 106, 107 
Ephedra nevadenais 104, 105 
Epilobium an guati folium 335, 337-339; 

latifolium 430, 432 
Equiaetxm robust urn 287 
Eragroatia hypnoides 286, 287; pectinacea 
286, 287 ; spectabilis 286 
Erigeron canadense 286, 542 
Eriogonum rent for me 108 
Eriophorum polysiachyon var. tenellum 
464; tenellum 464 
Erodium cicutarium 111 
Erythronium amerieanum 339 
Eachscholizia minuti flora 103 
Establishment of a white birch community 
on cutover pulpwood land in northwest- 
ern Maine 647 

Eugenia balancanenaia 396; cocquericoten- 
aia 397; itzana 395; leptopa 396; lun- 
dellii 396; ovatifolia 396; petenensis 
397 

Eupatorium capillifolium 287 
Euphorbia eacula 449; polycarpa 111; var. 
hirtella 107, 108; portulacoidea 449; 
aplendena 335 

Euphorbiaceac, New and critical, chiefly 
from the southeastern United States 445 
Eurotia lanata 105, 110 
Eutetracoccua 456, 458 
Ewan, Joseph: The genus Delphinium in 
North America: series Echinatae of sub- 
section Subacapoaa and miscellaneous 
noteworthy species 137 


Fagua grandifolia 647, 650, 651, 653; ayU 
vatica 204, 425 

Passett, Noeman C.: Mass collections; 

Diervilla lonicera 317 
Ferula calif ornica 246; diaaoluta 246; p«r- 
purea 246 

Featuca pratenaia 465 
Ficaria ficaria 286; glacialia 378; ro- 
nunculoides 386; verna 386 
Filago arizonica 107 

Fimbriatylia autumnalia 287 ; diphylla 286 ; 
vahlii 287 

Flueggea viroaa 458 

Flowers, rooting of 332 

Fomea fraxinophilua 258-260 

Foraythia auspenaa 335, 338 

Fosbeeo, F. R.: Cornua aericea L. (0. 

atolonifera Michx.) 583 
Fragaria virginiana 655 
Franseria dnmosa 103, 104, 106, 110 
Fraxinua americana 287, 651, 656; ex- 
ce.laior 205; oregana 266 
Free aia refract a 335, 336, 338 
Fruits, growth of 167, 353 
Frullania dilatata 629 
Fulforo, Margaret: Development of 
sporelings in the Lejeuneaceae 627 
Furcraea pubescens 332 

Galax aphylla 136 
Gaultheria procumbena 655 
Gelidium cxiloglosaoidea 534, 357 
Genus Cephalocarpua Nees (Cyperaceae) 
290 

Genus Delphinium in North America: 
series Echinatae of subsection Subsca- 
poaa and miscellaneous noteworthy spe- 
cies 137 

Geraea caneacena 110 

GiLLY, Charles L.: The genus Cephalo- 
carpua Nees (Cyperaceae) 290 
Gilly, C. L., and H. W. Rickett: Asa 
Gray ^8 earliest botanical publications 
(1833-1836) 461 
Githopaia pulchclla 137 
Gleditaia triacanthoa 284 
Gormania anomala 27, 28; burnhami 31; 
debilia 27; eaatwoodiae 39; glandulifera 
33; hallii 31; laxa 37; ohtuaata 31; 
oregana 27; retuaa 39; wataonuina 35, 
36 

Grayia spinoaa 104, 105 
Glomerella cingulata 257-259 
Gray^S earliest botanical publications 461 
Growth of orchid fruits 167, 353 
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llahenaria hodkeri 468; orhiculata 469 
Halerpestes cymhalaria 375 
Halliophytum 464; fanciculaium 454, 455 
Hansen, Henry P,; A pollen study of 
lake sediments in the lower Willamette 
valley of western Oregon 262 
Hapalospongidion gelatinomm 528-532 ; 

pangoensis 532 
Harper, Bobert Almer 331 
Helianthus annuus^ 335, 336 
Helioiropium invndatum 287 
Herrick, J. Arthur, and Const. J. Alex- 
OPOULOS: Studies in antibiosis between 
bacteria and fungi — III. Inhibitory fic- 
tion of some Actinomycetes on various 
species of fungi in culture 257 ; thiamine 
])roduction by Actinomyces viridochro- 
mogenus 569 

Heterocaryotic vigor in Neurospora 75 
Hevea hrasiUensis 553-560 
Hibiscus rosa'sinensis 338 
Hicoria pecan 284, 285 
Hieracinm gracile var. minimum 431 
Higinbotham, Noe: Cephalomonas, a new 
genus of the Volvocales 661 
Hilaria rigida 103 
Hole us halepensis 287 
Hollenberg, George J.: Phycological 
notes — I 528 

Holltngshead, Lillian: Chromosome 
studies in Seduniy subspecies Oormania^ 
section Eugormania 41 
Hordeum sativum 360-372 
Howard, Julian A., and Wm. T. Pen- 
found: Vegetational studies in areas of 
sedimentation in the Bonnet Carre flood- 
way 281 

Hulbary, Bobert L., and Edwin B. 
Matzke: An analysis of the wood of the 
three commercial species of white pine 
573 

Hydrocotyle bowlesioides 151; torresiana 
151 

Hydrogen ion 561 
Hymenoclea salsola 103, 105, 107 

Hypericum matudai 394 

Hyptis emoryi 103, 107 

Ilex decidua 285 
Ilysanthes inaequalis 287 
Impatiena balsamina 335, 336, 338 
Index to American Botanical Literature 65, 
162, 249, 323, 400, 471, 544, 617, 692 
Interaction between thiamine and four 
fungi 669 


Intermittent growth of fruits of Cypri- 
pedium and Paphiopedilum. A correla- 
tion of the growth of orchid fruits with 
their internal development 353 
Intermittent growth of fruits of Phalae- 
nopsis. A correlation of the growth 
phases of an orchid fruit with internal 
development 167 
Ipomoea lacunosa 287 
Ips avulsus 184; integer 184 
Isolated colony of i)lants on a glacier-clad 
mountain 429 

Isolated roots, culture of 130 
Iva ciliata 287 

Janipha loefiingii 4^2, 453; var. yuquilla 
453; yuquilla 453 
Jasminum fruiicosum 336, 339 
Juglans nigra 119 
J uncus diff usissimus 287 
Juniperus occidentalis 149 
Jussiaea decurrens 287; leptocarpa 287 

Kalanchoe glohnlifera 334, 338; rotundi- 
folia 338 

Karling, John S.: The response of Achras 
sapota in latex yield to wounding by the 
ibidem method of tapping 553 
Kavanaoh, Frederick : SThe interaction 
between thiamine and four fungi 669 
Kersten, H., and G. F. Smith: The rela- 
tion between xylem thickenings in pri- 
mary roots of Vida faba seedlings and 
elongation, as shown by soft X-ray 
irradiation 221 
Krameria canescens 103, 105 
Krukofp, B. A., and H. N. Moldenke: 
Supplementary notes on American Meni- 
spermaceae 156 

Kumlienia cooleyae 377; hystricula 377 

Lactobacillus lactis 349 

Lagenocarpus clarkei 290, 297; comatus 

290, 297; dracaenvla 294; humilis 290, 
297; polyphyllus 290, 297; schenckianus 

291, 297;^ strictus 297 
Lamium album 522 
Langloisia schottii 107, 111 
Larrea tridentata 103, 104, 105, 110 

La Bue, Carl D.: The rooting of flowers 
in sterile culture 332 
Latex 553 

Lathyrus paluatris ^^69 
Lejeunea cavi folia 631 
Lejeuneaceae 627 
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Lepidium fremoniii 105; lamocarpum 108 
Leptotaenia anomala 244-246; bradshawii 
244-246; calif ornica 244-246; var. dila- 
tata 246; var. platycarpa 246; dissecta 
244-246 ; dissecta foliosa 246 ; var. 
mnltifida 245, 246; eatoni 246; foliosa 
246; humilis 246; var. denticidaia 246; 
leibergii 244, 245 ; macrocarpum 244 ; 
minor 244-246; multifida 246; var. 
eatoni 246; purpurea 245, 246; salmoni- 
flora 244-246 ; suksdorfii 244 ; var. 
thompsonii 244; triternatvm 244; wat- 
sonii 244-246 
Lepiilon canadense 287 
Leptochloa panicoides 287 ; uninerve 287 
Leucospora multifida 287 
Light intensity, effect of 204 
Ligusticella eastwoodae 247; macounii 247 
Ligusticvm eastwoodae 247; macounii 247 
Lilitim speciosum 1133 

literature. Index to American botanical 
65, 162, 249, 323, 400, 471, 544, 617, 692 
Loiseleuria procumhens 433 
Lomatinm anom-alum 246; bradshawii 
246; californicum 246; carvifolium 154, 
245; var. denticulatnm 246; ciliolatum 
var. hoover! 153; columbianum 246; 
cuspidatum 246 ; dissectum 246 ; var. 
multifidum 246; far in os urn 153; grayi 
245 ; hamblenae 1 53 ; humlle 246 ; lepto- 
carpum 245; marginatum 154, 245; 

minus 246; nevadense 155; peckianum 
155; purpureum 246; salmoniflorum 
246; sandbergii 155; tracyi 154 
Lonchocarpus xuul 391, 392; constrictus 
392 

Longacre, Dorothy J.: Somatic chromo 
soines of A conit um noveboracensis and 
A. nncinatum 235 

LopJwlejennea sagraeana 627, 629, 630, 632 
Lophosiphonia villum 531, 535-537 
Lotus tomentellvs 107, 108 
Ludwigia glandulosa 287 
Lundell, C. L. ; ITndescribed plants from 
Mexico and Central America 387 
Lupinus nootlcatensis 429, 430, 432 
Lutlcea pectinata 429, 430, 432 
Lycium andersonii 104, 105 
Lycopodium clavaium 655; complanatum 
655; obscurum 655; selago 430, 432 
Lysimachia lanceolata 304 
Lythrum lanceolatum 287 

Ma, Bobebta, and William J. Bobbins: 
Specificity of pyridoxine for Ceratosto- 
mella ulmi 342; Vitamin deficiencies of 
Ceratostomella 184 


Ma, Boberta, William J. Bobbins, and 
Juan E. Mackinnon: Vitamin deficien- 
cies of Trichophyton discoides 509 
Mackinnon, Juan E.: The effect of Acti- 
nomyces albus and of thiamine on the 
growth of Trichophyton discoides 21 
Mackinnon, Juan E., Wiluam J. Bob- 
bins, AND Boberta Ma: Vitamin defi- 
ciencies of Trichophyton discoides 509 
Maianthemum canadense 655, 657, 658 
Malacothrix californica 103, 107, 113 
Manihot carthagenensis 452, 453 ; walkerae 
452, 453, 457 
Marruta cotula 287 

MABTfNEz, Maximino: A new genus of 
Bubiaceae from Mexico 438 
Mass collections: Diervilla lonicera 317 
Matelea stenosepala 398 
Mathias, Mildred E., and Lincoln Con- 
stance: New combinations and new 
names in the Umbellif crae 244 ; New 
North American Umbellif erae 151 
Matzke, Edwin B., and Bobert L. Hul- 
bary ; An analysis of the wood of the 
three commercial species of white pine 
573 

McVauoh, Bogers: A new Campanula 
from Idaho 241 

Medicago falcata 416; lupulina 287; 
sativa 416 

Melanospora destruens 11 
Menispermaceae, Supplementary notes on 
American 156 

Merry, James; Studies on the embryo of 
Hordeum sativum — ^II. The growth of 
the embryo in culture 360 
Mesospora mediterranea 531; schmidtii 
531 ; van-bossae 531 
Mexico, new plants from 387, 438 
Microspongium gelatinosum 528; saun- 
dersii 528 

Microstylis brachypodi 468, 469 
Middleton, John T.: Stem rot of tuberous 
begonia 92 

Mikania scandens 287 
Mimosa strigillosa 287 
Mimulus bigelovii 107 ; cylindrica 287 
Mirabilis bigelovii 103, 105 
Moldenke, H. N., and B. A. Krukoff; 
Supplementary notes oU American Meni- 
spermaceae 156 
Mollugo verticillata 286, 287 
Monoptilon bellioides 107^ 108 
Mueor fragilia 487, 604; yenevensis 480. 
487, 488, 491-495, 499-503, 506. 594. 
595, 601, 610, 612; hiemalia 480, 487, 
491, 492, 499, 508, 612; ramannianui 
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671, 672, 681-684, 687, 689, 690; spines^ 
cens 490, 491, 596; sylvaticus 487 
Mucorales, Nuclear behavior in 480, 592 
Muhlenhergia schreberi 287; aylvatica 462, 
463; umbrosa 463 
Myrica calif ornica 267 

V 

Kama demisaum 107, 110; hiapidum 542 
Nasturtium natana var. americanum 468, 
469 

Neca choriophylla 388 ; hirtella 388 
Nemesia atrumoaa 334, 335, 336 
Nemocladus longiflorus 107; ramoaiasimus 
107 

Nerium oleander 335, 336 

Neurospora, Heterocaryotic vigor in 75; 

crassa 89; tetrasperma 75-91 
New and critical Eiiphorbiaceae, chiefly 
from the southeastern United States 445 
New and unusual Cortinarii from Michi- 
gan, with a key to the North American 
species of subgenus Bulbopodium 44 
New Campanula from Idaho 241 
New combinations and new names in the 
Umbelliferae— II 244 
New Bussia and Ormosia avilensis 590 
New genus of Rubiaceac from Mexico 438 
New genus of the Anacardiaceae from Co- 
lombia 442 

New North American Umbelliferae 151 
New tetraploid wheatgrass from Nevada 
434 

Nitrogen, effect of, upon ascorbic acid 
accumulation 204 

North American Ranunculi — ^IV 298 ; V 
373 

Nuclear behavior in the Mucorales — I. The 
Mucor pattern 480; II, The Ehizopus, 
Phycomyces, and Sporodinia patterns 
592 

Odkeaia seaailifolia 655 
Oaks indigenous to the United States, Sec- 
ondary vascular tissues of 1, 115 

Ochoterenaea 442; colomblana 442-444 
Ocotea matudai 388 

Oenothera biennia 287; leptocarpa 107; 

micrantha var. exfoliata 107 
Oncidium longipea 168 
OosTiNO, Henry J., and Jo^n F. Reed: 
The establishment of a white birch com- 
munity on cutover pulpwood land in 
’ northwestern Maine 647 
Opuntia echinocarpa 104-106 
Orchid fruits 167, 353 


Orchia maacula 167; pyramidalia 167 
Ormosia avilensis 590; tovarenaia 590 
Orumbella macounii 247 
Orysfopsia canadensis 465 
Osmaronia ceraaiformia 267 
Osmunda claytoniana 655 
Ossea instolonea 587 ; interior 588 
Ovules, disintegration of 405 
Oxydendrum arboreum 134-136 
Oxygraphis andersonii 379; cymbalaria 
375; glacialis 378; vulgaris 379 
Oxypolia filiformia 152; greenmanii 152 

Panicum anguati folium 464, 465, 539, ^0 ; 
bennettense, a nevs^ species from North 
Carolina 539; capillare 285-288; clan- 
deatinum 464; dichotomiflorum 285- 
289; lancearium 464; var. anguaiifolium 
464; nitidum var. craaaifolium 464; var. 
villosum 464; aphaerocarpon 464; 
xanthophyaum 464, 465, 469 
Paphiopedilum bcllatulum 354-356; barba- 
turn 353; callosum var. sanderae 354; 
auperbiens 353; fairieanum 354-357; 
lawrenceanum var. hyeanum 354; 
maudiae 354-357; villosum 354, 356 
Parasitella simplex 480, 492, 612 
Parthenium argentatum 132 
Paapqlum conjugatum 287 ; (iilatatum 287 ; 

repens 287 ; urvillei 287 
Passiflora biflora 338 
Pelagophycus porra 533 
Penfound, Wm. T., and Julian A. 
Howard: Vcgetational studies in areas 
of sedimentation in the Bonnet Carr6 
floodway 281 
Penicillium glaucum 669 
Persicaria hydropiper 287 ; hydropiperoidcs 
287; punctata 287 
Petaloatigma glabrescena 458-460 
Peucedanum calif ornicum 246 ; watsoni 246 
Phacelia diatana 103, 105-107, 109, 111, 
113; tanacetifolia 104, 109, 111, 113 
Phalaenopaia amabilia 169; aphrodite 169, 
176; elizabethiae 169; equestria 168; 
fontainebleau 169, 171-173, 175; grandi- 
flora 168; pamala 169, 171-176; rim- 
atadtiana 169; achilleriana 168-175, 178, 
358; aanderiana 168; apectabilis 168; 
stuartiana 169; wiganiae 169 
Phaaeolua multiflorua 360 
Philadelphua gordonianua 267 
Phoma betae 257-259 
Photoperiod 204 
Phycological notes 528 
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Phycomyces hlakcsleeanus 12-26, 257-259, 
421-427, 500, 502, 570, 571, 592, 599, 
604, 612, 614, 669-690; microsporus 592, 
604, 612; nitens 599, 600, 669 
Phyla lanceolata 287; nudiflora 287 
PhyllanthuM carolinensis 287 
Phyllodoce glanduliflora 430, 432 
Phytophthora cinnamomi 510, 671-679, 
687, 688, 690 

Picea engelmanni 265; glauca 185; ruhens 
647, 650, 651, 653; rubra 119; sitchensis 
265, 268-270, 273-275 
Pierce, John H.: A new Dusaia and Or- 
moaia avilenaia 590 
Pilanophytum lindheimeri 447 
Piloholua cryatallinua 599 
Pithecolobium pnlchellum 590 
Plant nutrition and the hydrogen ion — III. 
Soil calcium and the oxalate content of 
spinach 561 

Pinna alhicanlia 266; contorta 266, 273- 
275 ; echinata 184, 193 ; lambertiana 
573-581; monticola 385, 266, 273-275, 
573-581; ponderoaa 184, 185, 266, 273- 
275; sabiniana 138; airobna 573-581 
Plantago inaularia var. acariosa 11 
Plaianua occidentalia 285, 287, 425 
Pluchea peiiolaia 287 
Podadenia thwaiiesii 454 
Podiafera eastwoodae 247; macounii 247; 

nevadenaia 247 
PoincAana gileaii 132 
Polemonium humile 430, 432 
Pollen study of lake sediments in the lower 
Willamette valley of western Oregon 262 
Polyporua abietinua 11 ; adustua 11 
Polypremum procumbena 287 
Polyaiphonia hemiaphaerica 536; urceolafa 
536; villum 535; virgata 533; woodii 
533, 534 

Pontederia cordata 287 

Populua balaamifera 287 ; grandidentata 

651, 653; tremuloidea 650-653, 656; 
trichocarpa 266 

Portulaca oleracea 287 
Potentilla data 145 

Prionociadium pringlei 247 ; thapsoidea 

var. pringlei 247 

Prunus emarginata 267 ; pennaylvanica 650- 

652, 656; aerotina 651 
Paeudocymopterua aletifoUua 248 ; ant- 

aatua 248; var. longUobua 248; david- 
aoni 248; filicintia 248; henderaoni 248 
Paeudopteryxia aletifolia 248 ; aniaata 248 ; 
henderaoni 248; longiloba 248 


Paeudotauga taxifolia 266, 268-270, 273- 
275 

Pteria aquilina 655, 657 

Pterochondrla 532; pygmaea 532, 533; 
woodii 533 

Pteroaiphonia dendroidea 533 ; pygmaea 
533; woodii 533; f. pygmaea 533 
Pteryxia anisata 248 ; davideoni 248 ; hen- 
dersoni 248 
Purahia tridentata 434 
Pyridoxine 184, 342; Specificity of for 
Ceratoatomdla ulmi 342 
Pyrimidine 669-691 
Pyrola americana 655 
Pythium debaryanum 92, 93; var. pelar- 
gonii 92; intermedium 92, 94-98; aplen- 
dena 92, 93; ultimum 92-99 

Quercna agrifolia 4, 6, 120; alba 2, 4, 7, 
120-125, 422, 425, 426; arizonica 2, 4, 

6, 7, 120-124; bicolor 2, 4, 6, 7, 10, 120, 
122, 123; borealia maxima 6, 120; 
breweri 4, 120; cafeabaei 120; c/iry- 
aolepia 4, 6, 120, 122 ; cinerea 4, 6, 7, 10, 
120; coccinea 6, 7, 120; dilata 7; doug- 
laaii 4, 6, 120; dumoaa 4, 6, 120, 123; 
durandii 4, 120; durata 6; ellipaoidalia 
4, 6, 7. 10, 120; emoryi 2, 4-7, 120, 124, 
125; engelmanii 4, 6, 7, 120; falcata 
120; falcata leucophylla 120; falcata 
triloba 120; gambellH 4; garryana 4, 
120, 266, 268-270, 273-275; hypoleuca 
4, 6, 120; ilicifolia 6, 120; imbricaria 6, 
120, 124-127; kelloggii 4, 6, 7, 10, 120; 
laurifolia 6, 120; lobata 4, 120; lyrata 
4, 120, 122; macrocarpa 4, 120; wari- 
landica 4, 6, 7, 10, 120; montana 2, 4, 

7, 10, 123; morehua 6, 120; muhlenhergii 
2, 4, 120; myrtifolia 4, 5, 6, 120; nigra 
6, 120, 425; oblongifolia 4, 6, 120; 
paluatria 6, 120, 124-125; phelloa 6, 120, 
122; prinua 2, 4, 5, 120, 124, 125; reticu- 
lata 4, 6, 120; rubra 6; rubra leuco- 
phylla 6; rubra triloba 6; aadleriana 2, 
4, 115, 120; ahumardii 6, 120; atellata 2, 
4, 5, 7, 123, 126, 127; utahenaia 4, 120; 
vaccinifolia 6, 120; velutina 5-7, 120, 
124, 125; virginiana 6, 120, 126, 127, 
284, 285; virginiana geminata 6, 120, 
123-125 ; wializenii 4, 6, 120 

Badicula aquatica 335, 339; armoracia 335 
Bafineaquia neomexicana 103rl07, 109, 111, 
113 

Baimmania ladniata 287 
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Ralfsia pangoenms 532 
Bannnculi, North American 298, 373 
Banunculua alismaefolius 298-303 ; var. 
alismellua 301, 302; var. calthaeflorus 
302; var. hartwegii 302, 310; var. lem- 
moni 298-302; var. montanus 301-303; 
alismellua 301 ; var. populago 303 ; alveo- 
latua 299, 310, 373; amhigena 298, 308, 
309; var. ohtuaiuscnlus 309; amphibius 
381-385; anderaonii 379; var. tenellua 
379 ; aquatilia 380-384 ; var. bakeri 381 ; 
var. brachypus 381; var. calvescens 381, 
384; var. capillaceua 381, 385; var. con- 
fervoidea 383; var. droueiii 383; var. 
eradicatua 381, 383; var. flaccidua 383; 
var. heterophyllus 384; var. hiapidulua 
381, 384; var. lobbii 381; var. longi- 
roatris 385; var. peduncidaris 381; var. 
trichophyllua 381; arizonicua 300; arno- 
gloasua 301 ; biolettii 309 ; bolanderi 300, 
303; caeapitoaua 383; calthaeftorua 302, 
303; capillaceua 381, 382; cardiophyllus 
400; chamisaonia 379; circinatva 380, 
383, 385; collomae 298-300; conferva- 
idea 383, 384; cooleyae 377; cusickii 
308; cymbalaria 375; var. alpinua 376; 
var. americanua 375; var. hebecaulia 
375; var. major 375; var. aaximontanua 
375; delphinifoliua 316; var. terreatris 
315; f. aubmeraus 316; divaricatua 383, 
385; var. eradicatua 383; drouetii 383; 
eaatwoodianua 374; eremogenes 312, 
313; var. longiaaimus 313; var. piloaulus 
312, 313; var. pubeacena 312; flearia 
386; filiformia 306; var. ovalia 305; 
fiatuloaua 313; fiabellaris 311, 315, 316; 
f. ripariua 316; f. aubmeraus 316; f. 
terreatris 316; flaccidua 383; var. con- 
fervoidea 383; flammula 298, 304; flam- 
mula aliamaefoliua 300, 301; flammula 
var. filiformia 305, 306; var. intermedia 
306; var. laxicaulia 308; var. major 
304; var. ovalia 305; var. reptana 306; 
var. samolifolius 306; var. atriguloaua 
305; var. unalaschenaia 305; var. variana 
305; fluviatilia 315, 316; glaberrimua 
300; var. ellipticua 300; glacialia 378, 
379; gmelinii 311; var. limoaua 313; var. 
• proliflcua 314; var. purshii 313; var. 
schizanthus 315; var. terreatris 313; 
var. srnkonensis 314; gormanii 299, 307, 
308; grayanua 384; hartwegii 301, 303; 
hederaceua 380; var. lobbii 381; humilia 
309, 310; hydrocharia f. lobbii 380; f. 
- longiroatris 386; f. trichophyllua 381; 
^ydrocharoidea -299, 307 ; var. atolo- 


niferna 307 ; hyperboreus 311 ; f . fluitana 
311; var. natana 311; hyatriculua 377; 
intermedins 306; intertextua 311; juni- 
perinua 378, 379; kamchaticua 378; 
laovatria 315; var. ierreatria 316; lap- 
ponicua 385; laxicaulia 299, 308, 309; 
var. xnlssissippiensis 309 ; lemmonii 302 ; 
limoaua 313; lobbii 380; longiroatria 380, 
385; microlonchua 305; misaisaippienaia 
309; misaouriensis 316; nanus 375; 
natana 311, 312; neglcctua 376; nuttallii 
376; oblongifoliua 308-310; obtuaiuscu- 
lua 304 ; orestria 298, 303 ; orthorhynchvs 
145; ovalia 305; pallaaii 385; payHho- 
thrix 383; pauciafamineua var. eradi- 
catua 383; popxdago 298, 299, 308; 
porteri 381, 382; piirahii 313, 314; var. 
disaectua 313, 314; var. gcranioides 313, 
314; var. humifuaua 314; var. poly- 
morphus 315; var. proliflcua 315; var. 
radicana 313, 314; var. repens 314; var. 
achizanihua 315; var. terreatris 313- 
315; subsp. yukonenaia 314; pusillus 
299, 309, 310; var. anguatifolina 310; 
var. denticnlatua 308; var. lindheimeri 
309, 310; var. mnticua 309, 310; var. 
oblongifoliua 309; ranunculinna 376; re- 
eurvatua 374; reptana 306, 307; var. 
filiformia 306 ; var. gornfianii 307 ; var. 
intermedins 306; var. ovalia 305; var. 
aamolifolins 306; var. atriguloaua 305; 
rigidus 385; aamolifoliua 306; sceleratua 
311-313, 373; var. eremogenea 312; var. 
longiaaimus 313; var. multi fidua 312, 
313; atagnatilia 385; atoloniferua 307; 
subrigidua 381, 383, 385; iener 310; 
terreatris 307, 308; teaticulatua 378; 
texensis 308, 309; trachyspermua 309, 
310; var. anguatifoUua 310; var. lind- 
heimeri 309; trichophyllua 380-382; var. 
calvescens 384; var. eradicatua 383; var. 
hiapidulua 384; tridentatus var. major 
375, 376; unalaschenaia 305; unguicu- 
latus 302; uaneoidea 385; yukonenaia 314 
Reed, John F., and Henry J. Oosting: 
The establishment of a white birch^com- 
munity on cutover pulpwood land in 
northwestern Maine 647 
Reid, Mary PIlizabeth: Effect of varia- 
tions in light intensity, length of photo- 
period and availability of nitrogen upon 
accumulation of ascorbic acid in cowpea 
plants 204; Variations in ascorbic acid 
and dry matter content of cowpea plants 
at different times of day 522 
Beinwardtia indica 335, 338 
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Relation between xylem thickenings in pri- 
mary roots of Vicia faba seedlings and 
elongation, as shown by soft X-ray 
irradiation 221 

Response of Achran 2 apoia in latex yield 
to wounding by the ibidem method of 
tapping 553 

Bhizopns nigricans 500, 592, 597, 612; 

sexualis 593 
Bhodotorula sannei 12 
Bhus copallina 284 

Bhynchospora baldwinii 467, 568; cepha- 
lantha 467, 469; corniculata 287, 467, 
469 ; cymom 468 ; dodecandra 467 ; 
elliottii 467, 469; fusea 466, 469; glO’ 
merata 469 ; gracilenta 466, 467 ; macro- 
stachya 467; megalocarpa 467; micro- 
carpa 467 ; miliacea 467-469 ; muUiflora 
467, 469; oligantha 467; panioulata 
467; patula 467; pycnocarpa 467; semi- 
plumosa 467, 468; torreyana 466-468; 
vari flora 468 

Bibes prostrafym 654; sanguineum 267 
RicKE'rr, H. W., and C. L. Gilly: Asa 
Gray ’s earliest botanical publications 
(1833-1836) 461 

Robertson, Joseph H., and Lloyd 
Weaver: A new tetraploid wheatgrass 
from Nevada 434 

Robbins, William J., and Roberta Ma: 
Specificity of pyridoxine for Ccratosto- 
mella ulmi 342; Vitamin deficiencies of 
Ceratostomella 184 

Robbins, William J., Juan E. Mac- 
Kinnon, AND Roberta Ma: Vitamin de- 
ficiencies of Trichophyton discoides 309 
Rooting of flowers in sterile culture 332 
Roots, culture of isolated 130 
Botala ramosior 387 ; var. dentifera 395 
Bubiaceacy A new genus of, from Mexico 
438 

BubuH allegheniensis 654 ; idaeus var. 

aculeatissimus 654 
Buellia rosea 333 
Bufacer drummondii 285, 287 

Sagina, Symmetry studies in 634; apetala 
639; ciliata 639; crassicaulis 639; de- 
cumbens 639; var. smithii 639; elliottii 
639; glabra 639; linnaei 639; maritima 
639; nivalis 639; nodosa 639, 644; f. 
laxa 639; occidentalis 637, 639; pro- 
cumbens 634-645 ; subulata 639 
Salix capra 205; lasiandra 266; longifolia 
287; nigra 287 


Salvia columbariae 107, 111 
Sambucus canadensis 284, 287; nigra 522; 
racemosa 654 

Sansome, Eva R., 8. Satina, and A. F. 
Blakesleb: Disintegration of ovules in 
tetraploid-diploid and in incompatible 
species crosses in Datura 405 
Satina, 8., Eva R. Sansome, and A. F. 
Blakeslee : Disintegration of ovules 
in tetraploid-diploid and in incompatible 
species crosses in Datura 405 
Saxifraga bronchialis 430; punctata 430; 

sarmentosa 335; tricuspidata 430 
Sclerotinia sclerotiorum' 257-259 
Sclerotium rolfsii 671, 672, 684-686, 690 
ScHROEDER, R. A., AND Wm. A. Albrecht: 
Plant nutrition and the hydrogen ion — 
III. Soil calcium and the oxalate con- 
tent of spinach 561 * 

Sciadotenia amazonica 157 ; brachypoda 
158 ; cayennensis 157 ; sagotiana 157 ; 
sprucei 158 

Secondary vascular tissues of the oaks 
indigenous to the United States — II. 
Types of tyloses and their distribution 
in Brythrobalanus and Leucobalanus 1; 
III. A comparative anatomical study of 
the wood of Leucobalanus and Brythro- 
balanus 115 

Sedum adolphii 27 ; alsinefoUum 27 ; burn- 
hamii 31; debile 27, 42; divergens 27, 
28, 42; eastwoodiae 39; fusiforme 27; 
glandtdiferum 27 j 33-35, 40-42; hallii 
31; heckneri 39; laxum 29, 36, 38, 41; 
subsp. heckneri 36, 37, 39, 40; subsp. 
latifolinm 36, 38, 40, 41; subsp. per- 
plexum 36, 37, 39-41; subsp. retiuum 
36, 39-41; subsp. lypicum 36-42; 

moranii 40; obtusatum 29-32, 43; subsp. 
boreale 30-33, 40, 41; subsp. typicum 
30-32, 41, 42; var. hallii 31; oreganum 
28; oregonense 29, 32, 35-37, 41, 42; 
rubroglaucum 31; sanhedrinum 39; 
spathulifolium 27, 30, 41, 42; spcctabile 
335; tematum 136; watsoni 35 
Securinega acicularis 456; capensis 457; 

leucopyrus 456; virgata 456; virosa 458 
Sesban emerus 287 
Setaria lutescens 387 

Shrubs, dependence of annual plaints on 
100 

Sida c^rpinifolia 287 ; rhombifolia 287 ; 

spinosa 287 
Silene acaulis 430, 432 
Simmondsia oalifomica 132 
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Smith, Alexander H.: New and unusual 
Cortinarii from Michigan, with a key to 
the North American species of subgenus 
Bulhopodium 44 

Smith, O. F., and H. Kerstbn: The rela- 
tion between xylem thickenings in pri- 
mary roots of Vida faha seedlings and 
elongation, as shown by soft X-ray 
irradiation 221 

Snow, A. G., Jr*, and P. R. Burkholder: 
Thiamine in some common American 
trees 421 

Solanum nigrum 287 

Solidago multiradiata 432 ; var. scopu- 
lorum 431 

Somatic chromosomes of Aconitum nove- 
boracense and A. uncinatum 235 
Sorhiis americana 651 
Species crosses in Datura 405 
Specificity of pyridoxine for Ceratosto- 
mella ulmi 342 
Spilanthes americana 287 
Spinach, soil calcium and the oxalate con- 
tent of 561-569 

Sporelings of Lejeuneaceae 627 
Sporoholua asper 463 ; cryptandrus 257 ; 
vaginiflorua 463 

Sporodinia grandis 498, 592, 604, 608, 612, 
613 

Siachys recta subsp. recta 139 
Stellaria media 635 j media neglecta var. 
typica 635 

Stem rot of tuberous begonia 92 
Stephanomeria exigua 111 
Sterculia diversifolia 132, 133 
Stereum gausapatum 25i!^260, 569-571 
Stictolejennea kumiana 629, 630 ; squa- 
mata 629 

Stipa canadensis 465; speciosa 105; thur- 
beriana 434 

Streptohacterium plantarum 349 
Strophostyles helvola 287 
Studies in antibiosis between bacteria and 
fungi — III. Inhibitory action of some 
Actinomycetes on various species of 
fungi in culture 257 

Studies in the Crassulaceae — ^III. Sedum, 
subgenus Gormania, section Eugor- 
mania 27 

Studies in the Ericales : A ^new name in 
blueberries 240 

Studies on the embryo of Hordeum 
sativum — ^II. The growth of the embryo 
in culture 360 


Stylogyne gnatemalensis 398; perpunctata 

398 

Suaeda fruticosa 110 
Suida 587 

Supplementary notes on American Meni- 
spermaceae — II 156 

Svida asperifolia 284, 287; haileyi 588; 
calif arnica 589; instolonea 587; interior 
588; pubescens 589; stoldnifera 587; 
var. flaviramea 587; var. riparia 587; 
torreyi 589 

Swainsonia gale gif alia 335 
Symmetry studies in Sagina 634 
Symphoricarpos alhua 267 

Symplecocarpon flan^ifoliiim 393; lucidum 
394; multifiornm 393, 394 

Taenioma clevelandii 534, 537; perpuaih 
lum 534, 537 

Talinum polyandrum 456 
Taraxacum officinale 335, 336 
Taxua baccata 204 

Telitoxicum duckei 158; inopinatum 158; 

krukovii 158; minutiflorum 158 
Tetracoccaster 457, 458 
Tetracoccus capensis 456, 457; fascicu- 
latus 455, 456; dioicus 456; hallii 457; 
Hid f alius 456-460 
Tetrgdymia spinoaa 105 ^ 

Thiamine 11, 21, 184, 421, 509, 569, 669 
Thiamine content of agar 11 
Thiamine in some common American trees 
421 

Thiamine production by Actinomyces 
viridochromo genus 569 
Thiazole 669-691 

Three new cuscutas from western North 
America 541 

Thuja occidentalis 647; orientalis 132; 

plicata 265, 273-275 
Thyella tamnifolia 287 
Tieghemella caerulea 502, 592, 598, 612 
Tillaea erecta 107, 108 
Toumefortla beUzensis 399 ; umbellata 

399 

Tracheloapermnm diforme 287 
Tradescantia paludosa 335-338 
Trichilia moschata 393 ; yucatanensis 392, 
393 

Tricholoma acerbum 52 
Trichophyton album 518, 519 ; crateriforme 
519; diacoidea 21, 22, 23, 25, 26, 509- 
521; gypaeum 519; interdigitale 519; 
rosaceum 519 
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Trientalis amerioana 655, 657, 658 
Toxicodendron globosum 456 
Triticum repentt var. glaucum 466 
Taitga heterophylla 266-270, 273-275; 

mertensiana 266, 273-275 
Tulipa gemeriana 338 
Tussilago farfara 333 
Typha latifolia 287 
Ulmns americana 285, 287, 349 

Umbelliferae, New combinations and new 
names in 244; New North American 151 
Undescribed plants from Mexico and Cen- 
tral America 387 
Urachne canadensis 465 

Vaccinium darrowl 240; myrsinites 240; 
var. glaucum 240; pennsylvanicum 654, 
657 

Variations in ascorbic acid and dry matter 
content of cowpea plants at different 
times of day 622 

Vegeta tional studies in areas of sedimen- 
tation in the Bonnet Carr6 floodway 281 
Verbena bonariensis 287 
Verbesina alba 287 

Viburnum alni folium 654; carlesii 335 
Vicia faba 221-233 

Vilfa heterolepis 468; longifolia 463; sero- 
tina 463 ; vagini flora 463 
Vinca rosea 335 
Viola rotundifolia 655 
Vitamin deficiencies of Ceratostomella 
184; of Trichophyton discoides 509 


Vitamins 11, 21, 184, 204, 342, 421, 509, 
522, 569, 669 

Vivian, V. Euqene: Symmetry studies in 
Sagina 634 

Volvocales 661 

Weaver, Lloyd, and Joseph H. Roberiv 
son: a new tetraploid wheatgrass from 
Nevada 434 

Went, F. W.: The dependence of certain 
annual plants on shrubs in Southern Cali- 
fornia deserts 100 

Williams, Simon: Secondary vascular 
tissues of the oaks indigenous to the 
United States — IT. Types of tyloses and 
their distribution in Erythrohalanus and 
Leucobalanus 1 ; III. A comparative 
anatomical study of the wood of LeucO’ 
balanus and Erythrohalanus 115 

Wisteria sinensis 132, 133 

Wyethia amplexicaulis 149; elata 137; 
reticulata 137 

Xanthoxalis micrantha 281 

Xylem thickening 221 

Yucca brevifolia 105 

Yuncker, T. G.: Three new cuscutas from 
western North America 541 

Zebrina pendula 335 

Zygopetalum machayi 168 

Zygorhynchus dangeardi 480, 492, 494- 

498, 610-612; macrocarpus 494; moeb 
leri 480, 494-^96; vuilleminii 480, 496— 

499, 612 ; var. agamus 480, 496, 509, 612 
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